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CHAPTER I 
INTRODUCTION 
Purpose and Scope of the Paper 
Purpose.-- The three source units herein presented 
were written with the purpose of assisting teachers of gen-
eral science who are interested in planning their teaching 
by means of the unit method as suggested by Professor Roy 
0. Billett, Boston University, School of Education, in his 
course "The Unit Method in the Secondary School," and in 
his book Fundamentals of Secondary School Teaching. 
y 
The teacher in using this method must be aware that 
science is primarily a product of problem-solving. It fol-
lows that the study of science may contribute greatly in 
teaching pupils to see problems and to provide some under-
standing of, and training in, the technique of problem-
solving. The unit method as described elsewhere in this 
paper demands a departure from traditional classroom pro-
cedure, traditional textbooks, and traditional subject mat-
ter and suggests a definite transition in the role of the 
teacher. The instructor must realize that learning is an 
active process, and the pupil learns as a result of seeing, 
perceiving, analyzing, judging and participation in a 
i/ Houghton Mifflin Company, Boston, 1940 
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variety of activities. Expression, activity, and stimula-
tion must supplant impression, passivity, and restraint. 
In other words pupil participation is substituted for teacher 
domination. With these "musts" in mind the fulfillment of 
the psychological concept of learning is made possible. 
A source unit is not a teaching unit. Its length and 
scope of materials, which are provided for a variety of 
situations, make it impossible to function in an ideal 
teaching-learning cycle. The teaching unit is designed 
specifically for a given class with its completion expected 
within an allotted time. Its preparation and organization 
are dependent upon the needs, characteristics, abilities, 
interests, and aims of the individuals within the given 
group along with the study of the pupil environment, the 
con~unity, and an estimate of the pupils' previous experi-
ences. With these data in mind the materials, experiences, 
and activities are planned to bring about the desired 
changes within the learner in terms of added understanding, 
improved attitudes, and increased skills. The source unit 
is not designed for a particular group. Rather it is a 
storehouse of ideas and suggestions, a handbook to which an 
alert and imaginative teacher may turn for guidance, direc-
tion, and aid in preparing a teaching unit for a specific 
class. It is a broad, flexible and exhaustive compilation 
of suggested materials, experiences, and activities to be 
2 
scrutinized, carefully weighed, and sifted before adapta-
tion and utilization in the interests of a particular group. 
It is hoped that this paper will lead to the construe-
tion of better source units and consequently better teach-
ing units. 
Scope.-- The present paper contains three source units 
which may be found in many textbooks as well as courses of 
study. The topics herein contained are among the eighteen 
11 
recommended by Charles J. Pieper for a course of study in 
junior-high-school general science. The first, "Light-
Communication by Eye,n attempts to present an understanding 
in an elementary way of the nature, the properties, and the 
uses of light energy. It is an integrated unit of study 
organized on the basis of problems relating to situations 
arising out of present-day experiences. 
The second unit, ''Sound-Communication By Ear, 11 does 
not present a thorough consideration of all methods of com-
munication for it would be an impossibility to treat so 
many phases in one unit. Accordingly, the emphasis has been 
placed upon the more common means of transmitting messages 
by means of energy, namely, by sound, by electric current, 
and by radio waves. The production of light and its con-
ception by the eyes has been taken up in the previous unit, 
1f Thirty-First Yearbook, 1932. National Society for the 
Study of Education, p. 198 
3 
so that in this unit it is mentioned only in connection 
with its influence on electric currents through the photo-
alec tri c cell. 
In the third and last unit, "Simple Machines," an at-
tempt is made toward a better understanding of the effects 
of forces in producing motion, a knowledge of common power, 
and an understanding of the conservation of human energy 
in everyday activities, the knowledge of which makes the 
study of simple machines essential. This unit is a study 
of various types of labor-saving and power devices and 
considers the simple machines, their development and their 
common types. Through a study of such simple machines 
students are led to understand the fundamental principles 
of work and of labor-saving devices. 
Methods.-- The preparation of this paper has been 
carried out according to two fundamental purposes: first, 
to present that material which seems to be most useful and 
relevant to the topics concerned; and second to maintain 
a strictly scientific viewpoint in the consideration of 
these units. The form and organization of these units 
necessitate a clear understanding of the terminology. 
The~.-- This is a statement in complete declara-
tive sentences of goals which the teacher hopes to reach in 
his teaching. This goal is stated in "terms of a desirable 
change to be made in the pupil in concept or skill, and 
4 
hence in resultant ideal, attitude, or appreciation." 
y 
. ~ . 
Delimitation of the unit.-- The delimitation of the 
unit is the lesser concepts or learning products of the unit 
which are to be made the direct object of instruction in 
the class within a given allotted time. They are further 
boundaries of the unit, yet each is a component part of the 
unit. Each item of the delimitation, like the unit, is 
given in declarative form. The lli~it and the delimitation 
are for the use of the teacher only. 
Probable incidental and indirect learning products.--J/ 
The former includes such learning that is likely to take 
place indirectly, although not the direct object of teaching. 
The latter part of the caption pertains to ideals, attitudes, 
or appreciations which the teacher hopes the pupils will 
realize. 
Th . . t . t !t/Th. . i 1 . ~ un1 ass1gnmen .-- .1s 1s an nc us1on, or general 
plan, of all teacher-pupil activities organized in the best 
sequence possible prior to the opening of the teaching-
learning cycle. These activities serve as an aid to the 
1/ Roy 0. Billett, Fundamentals ££ Secondary-School Teach-
ing, Houghton Mifflin Company, Boston, 1940, p. SOS 
g/ Ibid., p. 505 
l/ Ibid., p. 506 
~Ibid., p. 506 
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achievement of the goals stated in the unit and the delimita- i 
tion of the unit and must be left open to the development of I 
modifications as created by needs of pupils and the opportu-
nity to capitalize on related current events. 
Optional related acti~ities.--1/The caption tells the 
whole story. Pupils who finish the minimum assignment have 
the benefit, if they so desire, of doing additional work 
activities related to the desired goals. However, even 
though these activities are optional the pupil must obtain 
the consent of the teacher before proceeding with the work 
suggested by the item. The student may cease worlring before 
its completion if he so wishes. It is suggested that these 
activities be written on cards and kept on file for con-
sultation by pupils at any time. 
2/ 
Core activities.-- Dr. Billett- puts forth these 
thoughts. 
The term core activities is applied to that part 
of the unit assignment in which it is expected 
that most pupils--perhaps all pupils--will en-
gage directly at some time, in some way, and to 
some extent. An element of choice is intended, 
however, even in these core activities, if no 
more than choice as to how or when or where a 
given task may be performed. 
Study-and-activity guide.--2/The activity guide is a 
1/ Roy 0. Billett, Fundamentals of Secondary-School Teach-
~' Hought~n Mifflin Company, Boston, 1940, p. S07 
~Ibid., p. 507-508 
Ibid., p. 508 ~ I ========================~== 
II . 
l 
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mimeographed list of unit activities, necessary directions, 
and bibliography. There is no need to reproduce optional 
related activities in it for the wiser method is to list 
them on the bulletin board and have a fuller description 
of the items in a card index. The guide should not be 
bulky, its make-up must be accurate, legible, and attractive. 
Tests~--1/When work of the unit assignment draws to 
a conclusion it is desirable to discover the achievement 
of the pupils. The test items should be so designed that a 
strong coverage in the area represented by the unit and 
its delimitation is assured. 
1/ -Roy 0. Billett, Fundamentals of Secondary-School Teach-
fu.g, Houghton Mifflin Company, Boston, 19Lj.O, p. 50B 
CHAPTER II 
LIGHT - COMMUNICATION BY EYE 
The Unit 
General statement of the unit.-- All day long light 
waves from the sun arrive in countless trillions. They make 
it possible for man to see his way about, to avoid dangers, 
to do his work, and to enjoy his leisure through various 
media of entertainment and amusement. Man's pattern of be-
havior and success is largely dependent upon his interpreta-
tion of the visual symbol and his observational acumen which 
enable him to improve and control his environment. He uses 
the microscope, the telescope, the spectroscope, and the 
camera to learn from the universe the secrets he must know to 
advance his skill and knowledge. Without light there would 
be an inability to comprehend more than could be discovered 
by touch, smell, or hearing, for so complex an animal is man 
that life without light would be an impossibility. To under-
stand the way light acts is to understand many of man's daily 
experiences. 
Delimitation of the unit.-- The following items are ar-
ranged in logical but not necessarily pedagogical sequence: 
1. The sun is a highly heated and luminous body of im-
mense size compared with the earth. Around it re-
volve nine spherical masses more or less closely 
- 8 -
·' 
resembling the earth in composition and movements. 
These planets do not give off light of their own, 
but they are visible by the sunlight they reflect in 
this order or distance from the sun: Mercury, Venus, 
Earth, Mars, Jupiter, Saturn, Uranus, Neptune, and 
Pluto. 
2. The sun is the best source of light. This form of 
radiant energy comes from the sun to the earth across 
93,000,000 miles of space in approximately eight 
minutes. It travels in straight lines at a speed in 
excess of 186,000 miles per second with a wave 
motion. 
3. Open fires, oils, candles, petroleum products, and 
gases provided the earliest means of artificial 
lighting, but these were inadequate. 
4. Man is dependent upon the green plant and animals 
for food and fuel and therefore indirectly upon the 
sun for energy. 
5. A single line of light is known as a ray while sev-
eral parallel rays form a beam of light. 
6. Materials vary greatly in their ability to transmit 
light and may be transparent, translucent, or opaque. 
7. Since light travels in straight lines and cannot 
pass through opaque objects shadows are formed, the 
darker portion being the umbra and the lighter the 
9 
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penumbra. Lunar and solar eclipses involve shadows. 
8. As parallel waves of sunlight move into the atmos-
phere some of them strike innumerable molecules of 
gases, water droplets in the form of clouds and 
rain, and dust particles while other rays miss these 
materials and come directly to the earth. 
9. A body which gives off light as the result of an 
energy change is called a luminous body while an 
object which receives and reflects light is said to 
be illuminated. 
10. Between the sun and the top of the atmosphere of the 
earth there is no material, nothing but a great 
vacuum extending for millions of miles through which 
light travels. 
11. When a ray of light strikes a smooth surface it is 
reflected in such a manner that the angle of inci-
dence equals the angle of reflection. 
12. Since the angle of incidence is equal to the angle 
of reflection for every surface, irregularly-shaped 
objects cause rays of light to diffuse. 
13. It is largely the diffused light which determines 
the natural lighting of buildings. Coming through 
transparent and translucent windows it is again re-
fleeted and diffused thus making it still softer. 
10 
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11 l)j.. In order to provide the proper amount of light it II 
I 
I is generally agreed that the window space should be I 
T 
I 
I 
at least one-sixth to one-fourth of the floor space. 
The color of the ceiling, the walls, the woodwork, 
the wallpaper, and the furnishings have much to do 
with proper lighting, since dark-colored materials 
absorb much light and light-colored materials re-
fleet it. 
As a slanting ray of light passes from a 
I 
I transparent ' 
medium of one density into a transparent medi~~ of 
another density it is bent or refracted toward the 
denser substance. Light travels with different de-
grees of difficulty through different media and 
therefore the denser the medium the less the speed 
of light. A ray of light entering a transparent 
material perpendicularly is not refracted. 
16. A plane mirror produces an image of an object, 
which is virtual, the same size as the object, the 
same distance behind the mirror as the object is 
in front of the mirror, erect and reversed in 
position. 
17. Convex and concave mirrors are used to produce en-
larged or reduced images and to change the direction I 
of light for various purposes. 
18. A lens is a piece of glass or other transparent rna-
terial specially curved to produce images by re-
rraction. Cameras, microscopes, and telecopes em-
ploy lenses to produce images ror userul purposes. 
19. The convex lens causes light rays to converge while 
a concave lens causes rays or light to diverge. 
20. Images may be real or virtual. Real images can be 
projected, may be larger or smaller than the ob-
jects rrom which they are rormed, and are always 
inverted. Virtual images cannot be projected and 
always appear erect. 
21. White light is composed or the seven primary colors 
which can be separated by rerraction through a 
triangular glass prisn1. Each color is rerracted 
according to its wave length, red being bent the 
least and violet the most. The rainbow is a spec-
trum on a large scale. 
22. The color or an object is the color it reflects, 
the other colors being absorbed. 
23. A colored transparent substance transmits light of 
no other color than its own. 
24. The human eye is like the camera in parts and 
structure. 
25. The eye: the cornea is the outer front transparent 
protective covering; the iris controls the amount 
of light entering the eye by manipulating the pupil 
12 
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which is simply a round opening; the convex lens, 
controlled by the ciliary muscles, focuses the 
image on the retina; and the optic nerve transmits 
the visual messages to the brain. 
26. The camera, which is a light-proof box equipped 
with a convex lens, produces a real inverted image 
on a sensitive film or plate. The simple box 
camera has a fixed lens, while expensive cameras 
have a movable lens allowing the formation of a 
sharper image. The lens is covered with an adjust-
able diaphragm which regulates the amount of light 
entering the box. The shutter controls the length 
of time that light is permitted to enter and cause 
the reaction on the film. The greater the length 
of time the greater the chemical change. 
27. Two common defects of the eye, nearsightedness and 
farsightedness, may be corrected by using concave 
and convex lenses respectively. 
28. Generally speaking there are two types of motion 
picture projectors: the standard theatrical pro-
jector which is used in theatres and large auditori-
ums and the portable projector. The former must 
be installed in a fire-proof booth in accordance 
with state regulations. 
29. Th.e 35-millimeter and 16-millimeter I· film projector~
I 
I 
I 
may be of the portable type. The latter is smaller 
in size, weighs less, costs less, and is easier to 
carry and operate. 
30. Sixteen millimeter films are of two general types: 
silent and sound. A 400-foot reel of silent film 
takes fifteen minutes to run, a sound film of com-
parable length, ten minutes. The silent film usu-
ally has four perforations on each edge while the 
sound film has sprocket holes on one side and sound 
track on the other. 
31. The motion picture helps man to understand the time 
factor in any operation or series of events. Time 
can be controlled. It can be increased by slow-
motion or decreased by time-lapse photography. The 
slow-motion film is made by taking pictures at 
greater than the normal speed (sixteen frames per 
second for silent film, twenty-four frames per 
second for sound film). 
32. The acetate type film is non-inflammable whereas 
caution must be used when using the nitrate film 
because of its highly inflammable nature. 
33. A negative is a film exposed in a camera and then 
developed by chemical reaction so that the image is 
brought out and made permanent. The blacks and 
whites of the image, however, are reversed. When 
I 
I 
a positive print is made from the negative, the 
blacks and whites are placed in their true relation. 
34. A projector is a machine containing a powerful 
source of light and a mechanism that passes the 
film between the light and the lens which magnifies 
the film image and throws it upon the screen. Each 
frame' or image in the film, is halted for a frac-
tion of a second in the path of the light and then 
moves on. 
35. The persistence of vision cr.eates the illusion of 
motion. 
36. The intensity of light at its source is measured in 
units called candle-power. The amount of illumina-
tion falling upon a surface is measured in foot-
candles. 
37. The intensity of the illumination depends upon the 
brightness of the source, but decreases in propor-
tion to the square of its distance. 
38. From a financial standpoint the direct lighting 
method is the most economical, since a large per-
centage of the light from the source may be directed. 
From a hygienic standpoint, the semi-direct and in-
direct methods are much more economical than the 
direct method, since diffused light is less injuri-
ous to the eye. The indirect method is the most 
15 
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economical since it is understood that the economy 
of the human eye is more important than financ i al 
economy. 
'I 
II 
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I Probable Incidental and Indirect Learning Products.--The ,I 
list of learning products given below may be augmented by the I 
teacher who is familiar with the deficiencies of his pupils 
in certain abilities, attitudes, appreciations, and skills. 
A. Incidental 
1. The ability to think scientifically about the be-
havior of light. 
/ 
2 • .. -~The ability to find and use accurate information 
about the source and transmission of light. 
3. The recognition that there is energy in color which 
affects health, comfort, happiness, and safety. 
4. The understanding that the energy of light is en-
tirely responsible for life as we know it. 
5. The development of the ability to organize material, 
assemble facts, and see beyond those facts. 
I 
I' II 
II 
II 
I 
I 
I 
I! 
I 
I 
I 
6. The ability to pool and share knowledge and interests~ 
within through participation in committee II a group 
work. 
7. The ability to make intelligent use of bibliogra-
phies, tables of content, card catalogues, and 
indexes. 
)/ 
I 
li j B. Indirect 
:r 1. The appreciation of the fact that man has enriched 
~I 
II 
[I 
II 
his environment and his life through devices which 
control light. 
2. The appreciation of the blessing of sight and the 
endeavor for its preservation. 
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The Unit Assignment 
Suggested introductory activities.-- At the discretion 
of the teacher any of the core or optional ~elated activi-
ties, the presentation of any demonstration, or the showing 
of any motion picture may be used in lieu of' the suggested 
ac ti viti e s • 
1. Hang a curtain or sheet behind which there is ample 
1 
room for two boys to engage in a bout of false I 
fisticuffs. Place a bright lamp behind them in such ! 
a position that the shadows of' the boys fall on the I 
curtain. Permit pupils to watch the bout for a few 
moments then allow screen to fall as the actors con-
tinue their performance. Discuss the reasons for 
II 
II 
_L 
II 
'I 
II 
the realism of the boxing match. 
2. Draw a simple diagram of the earth and the nearest 
star, Alpha Centauri, on the blackboard. Label the 
distance in terms of the astronomical light year 
(4.3 light years). Interrogate the pupils as to 
the meaning of the term. If, after a brief period 
of time, the discussion proves fruitless assign 
several students to consult encyclopedias and sci-
ence reference books for the definition and have 
them read their findings. Proceed by asking the 
pupils to estimate the distance between the earth 
and the star in miles. After several guesses com-
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pute the actual span. 
II 
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The mathematical computation II 
I 
may be repeated by figuring the distance of the 
North Star which is 46.6 light years away. Stress 
I 
I 
I 
the fact that the light now seen left these stars 
several years ago, the same number of years as 
designated by their respective light years. 
3. Through questioning, mensuration, and observation 
draw out from pupils conclusions as to optical il-
lusions which may be in the form of blackboard 
drawings, charts, or other visual materials. I 
I 
Study-and-activity guide.-- This guide is to be used for i 
all three source units, consequently, it will not be repeat-
ed in this paper. The first two paragraphs were designed '1 
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only to create interest, therefore, the teacher must use his 
ovm devices to promote interest when preparing the guide for 
the other two units. The form for the study-and-activity 
guide follows: 
Where was Moses when the lights went out? Why, in the 
dark, of course. And if Moses did not have a good mental 
picture of his surroundings he probably lived through an 
extraordinary period of unpleasant torture: black-and-blue 
shins from inert objects, discolored optics from swinging 
doors, and a punctured body from protruding instruments. 
Since necessity is the mother of invention a predicament of 
this sort would challenge any man's inventive mind. 
You, no doubt, have been "in the dark" about light, so 
a challenge is hereby thrown out to your ability to do indi-
vidual study and research, a challenge to your spirit of 
teamwork when working with your classmates, a challenge to 
your ability to organize material, to assemble facts and see 
beyond those facts. Read carefully the instructions which 
follow for they will enable you to proceed rapidly through 
this unit of work. 
1. Look over the mimeographed material which has been 
passed out to you. 
-2. Examine the various reference books which are now 
on the reference shelf. 
3· You are required to do only those core activities 
\ 
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marked with an asterisk (it-). 
4. You may work alone, or with two or three of your 
classmates, whichever you prefer. 
5. Written work may be submitted at any time. All 
work, however, must be completed within the allotted 
time. 
6. ~Vhen you write a review of a demonstration exercise 
follow this outline: 
a. Question 
b. Materials 
c. Procedure I I 
d. Observation 'I 
e. Conclusion I 
f. Practical application 
You will find that the demonstration exercises con-
tain several questions to be answered. These are to 
aid you in your work. Some demonstrations are pre-
sented according to the foregoing outline, others are 
but a set of questions. In this case you are to 
organize the material to suit the outline. 
7. Vfuen the core activities have been completed you are \ 
I 
free to examine the many interesting optional activi-
; · 
ties which will be found in the card file. If any 
of these activities appeal to you, follow it through 
after securing my approval. 
II 
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8. The numbers following the statements in the core 
9· 
activities refer to a special reference book on 
your reading list. For example, the numbers 12: 
7-10, mean reference book number twelve, pages 
seven through ten. 
Some problems have no references listed. This is 
see if you can apply some of the knowledge gained 
from previous activities when solving the problem. 
If necessary, however, consult a reference book. 
Core Activities 
What are some of the things which would happen if 
the sun ceased giving light to the earth (2:253-
254; 6:180-183; 10:547-548; 12:229; 14:198)? 
Make a booklet telling of the history of artificial 
light from the era of open fires to the age of 
electricity <4:191-192; 5 :451-452; 10::548-550; 11: 
279-280; 12:235-239). I 
I 
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The sun is approximately 93,000,000 miles away. If I 
for some reason the sun should suddenly disappear, 
how long would it be before we would know it? 
State in a series of declarative sentences how the 
light from the sun reaches the earth. On comple-
tion you should be able to not only state certain 
properties of light, but also the major ways in 
which man uses sunlight to illuminate his build-
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ings (1:615-616: 2:255; 4:180-181; 6:184-185; 
8:311-312; 10:550-551; 12:231-232). 
{~5. What principle of light do we recognize when we 
aim a rifle? 
{t-6. The North Star is approximately fifty light years 
away. Can you figure out how far it is in miles? 
*7· How does visible light differ from radio · waves? 
"'8 -~ . 
''9 ~.:- . 
From X-rays? From infra-red rays (1:183, 603-604; 
2:346-347; 7:465-466; 8:41-44; 9:187-188; 12:111-
112, 727; 15:418-419)? 
Demonstration: _ Set up three cardboards about eight 
inches square with centered holes and a lighted 
candle. Arrange the cardboards so that the 
candle flame may be seen through the holes. Move 
one card slightly toward either side. In what po-
sition must the holes be placed to see the candle 
flame through them? What principle of light does 
this demonstration illustrate? 
What is the difference between a luminous and an 
illuminated body (2:256; 5:452; 7:478; 9:188; 
11: 283-284)? 
{no. What is the source of moonlight? Sunlight (4:452-
453; 7:478-479; _ 9:188; 11:283-284; 14:195-196)? 
-:nl. Write a brief rep'ort on the origin of the soiar 
system (1:416-417; 2:258; 5:298; 10:12-17; 12:731-
II 
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732; 14:205-207). 
~n2. Make a diagram showing the distance of the planets 
from the sun (1:419; 10:14; 14:197). 
-lH3. Draw a diagram showing planets arranged in order 
of size (1:420; 10:15; 14:199). 
*14. List several luminous and illuminated objects. 
{n5. When do we see an object (1:612; 7:320-321; 8:308-
309; 9:188 -189; 10:573; 11:283-284; 13:330-331)? 
16. Demonstration: \¥hat is the law of reflection? 
Materials: Mirror; rule; two pieces of white 
paper; two pins; protractor. 
Directions: Support the mirror perpendicularly to 
the surface of the table. Lay a sheet of paper 
on the table with its edge against the mirror. 
Stick a pin upright in the table about four 
inches from the mirror. Place your eye on the 
level· of the table farther to the right. Stick 
a second pin in same distance from the mirror. 
Stick a third pin at the edge of the image of 
the first pin. Now draw a line with the rule 
I 
I 
I 
I 
from the first to the third pin. This line marks l 
the direction of a ray of light from the first 
pin to the mirror, the incident ray. Draw anoth-
1 
er line from the second pin to the third pin. 
This line marks the path of the ray of light 
after it is reflected by the mirror, the reflect-
ed ray. Draw a line perpendicular to the mirror 
at the third pin. This line is called a normal. 
The angle between the incident ray and the norm-
al is the angle of incidence. The angle between 
the reflected ray and the normal is the angle of 
reflection. Measure the two angles with a 
protractor. 
Conclusion: How does the angle of incidence com-
pare with the angle of reflection? 
{:-17. How is light reflected from smooth and rough sur-
faces (1:618-620; 6:187-188; 10:554-556; 12:246)? 
~~18. Explain why a wet pavement shines. 
~:-19. If the paper of a book is very glossy, it is hard 
on the eyes while reading. Explain. 
~1-20. Which would be lighter: a winter night when the 
ground was snow-covered, or a summer night? Why? 
*21. Why are white or yellow strips painted down the 
middle of paved highways? 
*22. Note the appearance of the school walls and ceil-
ings. Why are they so constructed? 
*23. What happens to a slanting ray of light as it 
passes from a transparent medium of one density 
into a transparent medium of another density? The 
demonstrations which follow may help you understand 
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this problem. 
.;:-a. Fill a tumbler nearly full of water. Place 
a ruler in a slanting position in the water. 
->}b. Place a coin in a shallow dish. Look into 
the dish from a point at which the coin is just 
out of sight. Have ~ classmate pour water slowly 
into the dish • 
.;~c. What happened when the water was poured in to 
the dish? What was the appearance of the ruler? 
Why does the coin come into view? Why does the 
ruler seem bent? What name do we give to this 
bending of light rays? Why does a partly im-
mersed oar seem bent? How does this effect the 
depth of a body of water (5:454-455; 6:189-190; 
7:328-330; 8:313-315; 9:199-200; 10:552-554; 
11:288-289; 12:251-254)? 
d. Darken the room by pulling down the shades. 
At one window pull shade down half way only. 
Cover the lower part with a large piece of card-
board which has a hole large enough to permit a 
beam of light to pass through. Allow the beam 
to strike at a slant the surface of water in a 
glass container. Note what happens to the di-
rection of the beam when it enters the water. 
Explain why this happens. 
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{~24. Thirsty travelers on the burning desert are fre-
quently elated by the sight of a nearby oasis, 
only to find on approaching, that what they had 
seen was a mirage. Explain why this is so (7:321; 
12:251-252}. 
{~25. Why is it that we have some daylight in the morn-
ing, before the sun has risen, and in evening, 
after it has set below the horizon (6:190; 7:322; 
8:313-314; 9:200; 12:252}? 
{:~26. You probably have heard the saying, "Believe noth-
ing of what you hear and only half of what you 
see." List some proofs to substantiate this state-
ment by making a chart of optical illusions (6:198; 
9:200). 
{~27. How do transparent, translucent, and opaque sub-
stances differ? List several examples of each 
(1:612-614; 2:255; 4:181; 5:455; 6:185; 10:556-
557; 11:284; 12:232-233; 14:338; 15:420-422). 
*28. You have observed shadows when objects stand in 
the path of light. How are these shadows formed? 
What is the darker part called? The lighter sec-
tion (2:256; 4:182-183; 6:185-187; 9:184; 12:232}? 
29. Eclipses are "shadows in the heavens". Explain 
what scientific principle this illustrates. Vi.hat 
part of the shadow is the total eclipse? The 
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partial eclipse? Smoked glass, or a film negative~ 
is often used to observe an eclipse of the sun. II 
How does it protect the eye (6:157; 7:482-483; 1!1 
9:194; 12:252)? ,, 
Would you prefer to see a moving picture in natural ~~~~ 
colors or one in black and white? Why ( 7: 624-625)? !' 
31 • . Demonstration: Vf.hat colors are in sunlight? 
Materials: A glass prism; a white screen. 
Directions: Hold the prisms in a beam of sunlight 
so that the rays are thrown on a white screen or 
on the opposite wall. 
Results: Draw a diagram of the spectrum as it 
appears on the screen. Name the colors in order 
or color them with crayon. 
Conclusion: Answer the question. 
-l}32. Why does a prism separate white light into the 
different colors (1:642; 6:193-194; 7:626-627; 
9:189; 12:230-231; 14:343)? 
-l!-33· Under what conditions do you see a rainbow in the 
sky (2:293; 4:186-187; 6:194-195; 7:627; 12:231)? 
*34· What determines what color an object will be , 
(1:643; 2:292; 6:194; 7:630-632; 9:189-190; 
12:230)? 
35. Demonstration: Vihat determines the colors that 
we see? 
I 
I 
'r 
Materials: Pieces of glass, blue, green, yellow, 
red, and such other colors as may be obtained; 
pieces of cloth of similar colors; a projection 
lantern; a white screen; a glass prism. 
Directions: (a) Project the spectrum of sunlight 
on the screen. Hold each piece of glass in turn 
between the prism and the screen. Notice what 
happens to each color of the spectrum. (b) Dark-
en the room. Use the pieces of colored glass as 
lantern slides or hold them in front of the lens. 
Examine each piece of colored cloth in turn in 
each colored light. 
Results: Arrange two tables recording what happened 
to each color of the spectrum as each glass was 
placed in front of the prism and the appearance 
of each colored cloth in each light. 
Conclusion: Name two factors which determine the 
colors that you see. 
~}36. Why do objects appear a different color under arti-
ficial light than they do in sunlight (1:643)? 
37. Assume that you have a necktie with diagonal stripes 
of green and blue. Explain why these colors are 
seen. Assume that you went into a room lighted 
with green lights. How would the appearance of 
your necktie change? How would red lights affect 
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your tie (1:642-643; 7:629-630; 9:190)? 
If a black object absorbs all the rays of the 
light that it receives, how can we see it (7:631; 
8:308-309; 12:232-233)? 
Explain why one can see colors in a diamond (2:267; 
12: 254) • 
Do you think the efficiency of workers in a factory 
could be affected by the color used to paint the 
wall and ceilings of factory rooms? Explain. 
-lf-41. Suggest colors for the walls of the rooms of your 
home. Justify your selections (2:261-262). 
-!!-42. Explain why it is possible to mix yellow paint and 
blue paint to obtain a green color (1:643; 7:632; 
9:190-191; 12:230). 
*43· Mirrors of various kinds have become a practical 
necessity in modern life. Write a paragraph list-
ing the several uses of mirrors (4:185; 10:57; 
12:246-249; 13:329-330). 
44. Demonstration: Support a mirror perpendicularly 
to the surface of a table. Place ruler at right 
angles to the mirror, with the one-inch end 
touching the mirror. Place a candle at the four-
inch mark and a book at the eight-inch mark. How 
far does each seem to be behind the mirror? Look 
in the mirror and wink your right eye. Does the 
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image wink its right eye? In what way does the 
face in the mirror differ from your face? Write 
your name on a piece of paper and hold the name 
up to the mirror. How is the image changed? 
·::-45. Did you ever look at yourself in the nfunny mir-
rors11 at the amusement park or in the sideshow at 
the circus? Write a description of these mirrors 
relating what form each determines and why (2:258-
260; 7:326-328; 12:249). 
-:*"46. When is an image real and when is it virtual? 
Write four laws of the mirror (2:259; 6:191-192; 
9:196-199; 12:246-248). 
47. Show by a diagr~~ how a tailor arranges mirrors so 
that a customer can see the back of his coat. 
48. The convex lens is the most important of all aids 
to seeing. It is an essential part of the eye, of 
small telescopes and field glasses, cameras, pro-
jectors, and microscope and magnifiers. 
Demonstration: How do convex lenses affect the 
rays of light? 
Materials: A convex lens, a paper rule, and chalk 
dust or powder. 
Directions: Hold the lens in the sunlight. Focus 
the beam on a sheet of paper by moving the lens 
back and forth until the light forms a point. 
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Scatter the powder or chalk dust in the beam of 
light before it enters the lens and after it 
leaves it. Measure the distance from the lens 
to the point of light. 
Conclusion: ~Vhat is the point of light on the 
paper called? How does the lens change the beam 
of light? Wnat is the distance between the point 
of light and the lens called? 
Draw a diagram of the preceding demonstration. 
50. Demonstration: How do concave lenses affect the 
rays of light? Use a wall opposite a brightly 
lighted screen. Try to focus the image of the 
window on the wall. What is the result? Look 
through the lens at the window. Can the image 
of the window be seen? What kind of image? 
Place the light about six inches from the wall 
and try to focus the image on the wall. Vl.hat is 
the image doing to the rays of light? 
Hold the lens over the page of a book. Can the 
image of the page be seen? What kind of image? 
Draw a diagram showing how the concave lens af-
fects the rays of light f 
51. Demonstration: Draw an arrow about one-half inch 
long on a sheet of paper. Hold a magnifying lens 
I 
above this arrow, so that the lens and its princi- ~ 
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pal focus. Observe the image of the arrow. Is 
it real or virtual? Erect or inverted? Larger or 
smaller than the arrow? Move the lens nearer to 
and farther from the page. Vfuat e.ffect has the 
position of the lens on the image? 
~~52. Why do we have two eyes ( 8: 61-62)? 
53. Use model of the eye and show to class the follow-
ing: cornea, lens, iris, pupil, retina, and optic 
nerve. 
~~54. Make a labeled diagram of the eye and below it 
state the function of each of its parts (1:634; 
2:277; 3:102; 4:188; 6:197; 7:581; 8:320-321; 
9:203-204; 12:256; 13:331-332). 
->~55. The cmnera and the eye are similar in principle. 
On the left hand side of a sheet of paper list the 
important parts of the eye. To the right, write 
the corresponding parts of the camera. At the end 
of this table show in what few ways they differ 
(2:277-278; 4:188; 5:461-462; 6:198-199; 7:593; 
9:203-204; 12:256; 13:332-333). 
->~56. How do concave and convex lenses correct eye de-
fects? In order to understand the answer to this 
I . problem it is suggested that you proceed in the 
following manner: Draw three simple diagrams of 
the eye including only the lens, the first showing 
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the focus of a normal eye, and the second illus-
trating the nearsighted eye, and the last portray-
ing the far-sighted eye. Place before the latter 
two the correct type of lens to correct each de-
feet, using broken lines to show the correction 
(1:635-636; 2:278-279; 3:102-105; 4:189; 6:198; 
7:581-582; 9:204-205; 10:577-578; 12:256-257; 
14:346). 
Is the image on the retina of the eye real or 
virtual? Enlarged or diminished? Erect or in-
verted (2:268-269; 6:191-192; 7:580-581; 9:196-
199; 10:573-577)? 
~~-58. Why does the interior of a theatre seem very dark 
to a person who has just been out in the bright 
sunlight? 
59. Spectacles are sometimes made with two sets of 
lenses (bifocal). What are the advantages and dis-
advantages of such lenses? 
~1-60. How would you distinguish between a slightly con-
cave and slightly convex spectacle lens (2:268; 
*61. Draw up a list of precautions for the care of the 
eyes (1:626-627, 637; 2:279-280; 3:106-116; 4:189-
190; 6:192; 12:240-245; 14:340-342). 
. -:}62. Prepare a poster which illustrates a health rule 
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T for the care of the eyes. *63. How are lenses made (7:572-574; 11:278; 12:259)? 
-i:-64. A doctor has to perform an emergency operation in 
a home where there is no electricity. With the 
facilities at hand how can he sufficiently illumi-
nate the room for his task? 
-!t-6,5. Write a paragraph of not more than 200 words in 
which you summarize the big ideas concerning "How 
Mirrors and Lenses Aid the Human Eye." 
-!<-66. How does man produce and use artificial light 
<4:190-194: 5:451-452; 6:199-200; 10:559-563; 
11:278-280; 12:235-245)? 
How is the amount of illumination measured (1:626-
ii 
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II 627; 6:200; 9:207; 12:241-242; 14=339; 15:425)? I 
Demonstration: How does the distance from a source 68. 
of light determine the intensity of light? 
. 
Materials: Two pieces of cardboard, seven inches 
by seven inches; candle or flashlight. 
Directions: Mark off each cardboard in square 
inches and make a hole one-inch square in the 
middle of one of them. Place a candle or flash-
light one foot from the cardboard with the hole. 
Allow the light to pass through and strike the 
second cardboard held two feet from the candle. 
How many square inches does the beam of light 
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cover? Move the same cardboard three feet from 
the source of light. How many square inches of 
space are covered by the beam of light? 
Conclusion: State a general rule which gives the 
relation between intensity of light and distance 
from the source of light (1:627-628; 2:262; 6:201-
202; 9:207-208; 12:241-242; 14:339). 
How do various types of lamps make light (2:264-
266; 4:190-194; 6:199-200; 10:559-563; 11:280-281; 
12:236; 13:327-329; 15:422-423)? 
-lt-70. List the advantages and disadvantages of direct, 
semi-direct and indirect lighting. 
-i!-71. State under each of the following effects of good 
lighting in a factory, the reasons for these ef-
fects: (a) fewer accidents; (b) better quality of 
manufactured goods; (c) greater order and neatness; 
(d) lower cost of manufacture; and (e) better 
health for workmen. 
-lt-72. Many one-story factories get their light from sky-
lights which face north. Explain the reason for 
such construction. 
*73· Examine your science room and write a report on 
''The Lighting of Our Science Room" including such 
points as the following: (a) ratio of window space 
to floor space; (b) position of windows and direc-
tion of light; (c) color of ceilings and walls; 
(d) amount of blackboard space; (e) suggestions 
for improvement (10:556-558). 
~<-74· If you were asked whether or not a certain room 
was well lighted, what points would you consider 
in your answer? 
.:<75. Read the story of Thomas Edison's invention of the 
electric lamp and write a brief report. Be sure 
to compare his lamp with the one in use today. 
76. How is light used to make pictures? In this prob-
lem ordinary photographs are discussed. It is not 
possible to understand the process completely un-
til chemistry and physics have been studied, but 
in spite of this the important steps may be learned. 
77. What are the four general processes involved in 
making an ordinary photograph (2:273-276; 7:596-
602; 9:202-203; 10:580-583; 11:292-294; 12:267-
271)? 
78. Demonstration: How does light affect silver com-
pounds? Make a solution of a few crystals of po-
tassium bromide in ten cubic centimeters of water. 
To this add a few cubic centimeters of a solution 
of silver nitrate. Note the creamy appearance of 
the solid formed when the two solutions are mixed. 
This creamy substance is silver bromide. Pour 
37 
the liquid through a filter paper or cloth and 
catch the silver bromide. Expose it to the direct 
sunlight for a few minutes and observe what 
happens. Repeat, using potassium chloride or 
ordinary salt (sodium chloride). Expose the 
silver chloride formed to the sunlight. Vfuat 
change in color occurs? 
79. How are motion pictures made (1:639-640; 7:608-
614; 9:203; 10:583-584; 11:294-296; 12:272-273; 
14:351-352)? 
80. If you cannot find all the answers to the follow-
ing questions, ask your teacher to comment on them. 
a. What are the three common sizes of motion 
picture film? 
b. What is the one main reason why the 16-milli-
meter film is the standard used in schools? 
c. In what two ways can one determine if film is 
inflammable? 
d. What do you mean by a frame in a motion 
picture? 
e. What is the difference between the dull and 
shiny side of a film? 
f. How many frames per second are taken in normal 
silent speed? In normal speed? 
g. What does one mean by slow-motion photography 
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h. What does one mean by animation photography? 
i. What is meant by time-lapse photo graphy? 
j. What is the difference in the appearance of 
silent and sound film? 
k. How long does it take to project 400 feet of 
film? Of sound film (11:294-296)? 
How are motion pictures projected (1:639-640; 
2:287-288; 7:611-614; 10:583; 11:296-297; 12:277-
278; 14:348-349)? 
Have a member of the group that operates the school 
projector demonstrate and explain its use. 
Suggested optional related activities.-- The teacher 
may feel that some of these activities should be required 
in order to meet the needs and interests of his class. No 
hesitation should be felt in making the changes if the situ-
ation so demands. 
1. Secure a toy doll house and wire it so that each 
room can be lighted properly with small flashlight 
bulbs. Paper each room with wallpaper of a dif-
ferent color and report the effect of each color 
on the amount of illumination. 
2. Find out when and where lunar and solar eclipses 
have taken place within the last few years. 
3. Report on one of the stories of an expedition 
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which went out to study eclipses. 
4. Secure plans and make a telescope. 
5. From magazines and other sources find optical il-
lusions not mentioned heretofore. 
6. Find out from books in library how opera glasses, 
prism binoculars, and other optical instruments 
using lenses are constructed. 
7. Visit a printing shop where three-color work is 
done and explain the process to the class. 
8. Make a list of the most practical colors for vari-
ous uses, as on walls and floors of different 
rooms, on automobiles, on houses, and for clothing. 
9. Find out how paint companies test the durability 
of pigments used in paints and report to the class. 
10. Visit several factory buildings or other buildings 
and observe the various methods of lighting used. 
Prepare a report on your observations. Comment 
particularly on special ways used to insure good 
lighting for special kinds of work. 
11. Make a drawing to show why frosted bulbs give a 
softer light than bulbs made of plain glass~ Ex-
plain your drawing. 
12. Collect booklets describing various kinds of cam-
eras and prepare a talk to be given to the class on 
the subject "Cameras of Different Kinds-How They 
Work." 
13. Demonstrate to the class the effect of looking at 
materials of different colors in colored light. 
14. Prepare a report upon the colors of the sky at sun-
rise and sunset, and in what way they indicate what 
the weather is to be. 
15. If you own a camera and wish to volunteer to demon-
strate it before the class, do so. 
16. Write a report on Louis Daguere's contribution to 
photography. 
17. If you have printed photographs you may tell the 
class the process which you followed. 
18. If you have been interested in photography and wish 
to exhibit your snapshots you may do so. 
19. Write a report on the educational value of motion 
pictures. 
20. During the last war you probably heard a great deal 
about camouflaging. 
I 
I 
Report to the class the methods I' 
used by the armed services. 
1 
21. Many birds and animals blend themselves into nature's 
background. List several of each and mention the 
type of environment. 
22. Helen Keller is famous for her tremendous courage 
and has been an inspiration to many unfortunate. 
Prepare a report on how she overcame her misfortune. 
I 
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II 23. In the manual arts class, with the permission of 
your instructor, make one or more of the following: 
a. Color rotator 
b. Pinhole camera 
e. Roget top 
d. Periscope 
24. Have you ever played a game with shadows? Anyone 
who is interested may see me and I shall be glad to 
show you how to play it. 
25. There are three interesting experiments which you 
may perform, each utilizing the law of reflection~ 
See reference 9:45 if you are interested in doing 
any or all of them. 
26. Set up a model or miniature stage with scenery and 
figures. If someone has a marionette stage, this 
will serve. Arrange a lighting system for this 
stage, so that colors can be changed by passing the 
light through glass plates of different colors. 
What effects have different colored plates on the 
colors of scenery and cost~~es? 
27. Examine an opaque projector, noting the arrangement 
of mirrors. Draw a diagram of the passage of light 
through the projector. 
28. Make a collection of magazine pictures to show good 
and poor lighting arrangements for homes. Arrange 
I ~ 
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29. 
these on the bulletin board as exhibits to show 
the contrast. 
Set up a model-lighting arrangement to illustrate 
for the class direct, indirect, and semi-indirect 
lighting . 
30. Make drawings of the different forms of light bulbs 
you observe in homes, stores, churches, and public 
buildings in 'your community. 
31. Examine the types of lamp shades used in homes, at 
school, in stores, and in public buildings. Make 
drawings of a few shaded lights to show (a) direc-
tion from which light is cut off; (b) direction to 
which light is reflected. 
32. Make a collection of the re gular electric lamp bulbs 
in sizes from 10 watts to 100 watts. 
33. Demonstrate a string of Christmas tree lights; show 
how to locate a burned-out bulb. 
34. Obtain automobile and flashlight bulbs and compare 
them with larger bulbs. 
35. Ask a class member who has a motion picture camera 
to demonstrate and explain its use for the class. 
36. Demonstration: How are blue prints made? 
Light changes certain compounds of iron so that 
they may be used in photography. Blue prints used 1 
extensively in shop drawings and elsewhere are 
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produced by such action. Secure blue-print paper 
and lay on it a leaf or a photographic negative. 
Weight it down with a piece of glass. Expose it 
to the sunlight for a few seconds and then wash in 
water. Show the class the results and explain 
what happened. 
37. Demonstrati on: Vfuich objects do you see? 
Get some dead cloth such as velveteen; two small 
balls, one of which is white; a shining object 
and a dull one; a candle. Set some books on a 
table to form a background; cover the background 
and the table in front with the velveteen. Wrap 
one ball in a small piece of velveteen. Set the 
objects, including the wrapped ball in a row on 
the black cloth and darken the room. \~ich can 
you see? Li ght the candle. Which now can you 
see most easily. 
38. Read in some textbook, magazine, or encyclopedia the 
article entitled 11 The Giant of Palomar" and report 
to the class. 
39. Make arrangements with an amateur photographer in 
your community to demonstrate for an interested 
group of pupils how enlargements are made. 
40. Find out what kind of g as is used in your community, 
how the gas is obtained or produced, and at what 
44 
price it is sold. Report your findings to the class. 
41. Construct a sundial and explain how it works to the 
class. 
42. If there are enough members in the class who are 
interested in photography organize a camera club. 
Projects you may work upon are construction and use 
of pin hole cameras, developing and printing of 
pictures, use of the ordinary camera, and contests 
of snapshots. 
~-3· Look through current scientific magazines and list 
the applications of the following: 
a. Diffusion 
b. Laws of reflection 
c. Multiple reflection 
d. Concave mirrors 
e. Convex mirrors 
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Evaluative activities.-- The following tests may be 
used as preliminary exercises in the fashion of an intro-
ductory activity. They could well serve four different 
purposes: (l) the basis for recall of previous experience 
or knowledge; (2) they may enable the teacher to pick out 
those pupils who are poorly equipped in the subject of this 
unit and those who have a good smattering of knowledge; 
(3) they may stimulate interest in the new unit; and (4) 
they will aid the teacher in knowing which of the core 
activities should be stressed and those to be passed over 
quickly. 
If used as an introductory and motivating activity 
the pupils will be greatly interested in comparing scores 
of the pre-test with the final evaluation of the unit. 
Either, both or any combination of exercises may be 
used as long as there is a strong coverage of the items in 
the delimi tation and core activities. The abilities of the 
members of the class should determine the type of 
examination. 
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Final Test 
True-False.-- Read each statement carefully. If you 
think it is true, circle T. Circle F if the statement is 
false. If any part of the statement is false, it is all 
false. 
1. The sun is the chief source of light. T 
2. Moonlight is really sunlight. T 
3. The moon is a luminous body. T 
4. Light is a form of energy, though it is 
unable to do work. T 
5. Light is an enemy of disease. T 
6. Light energy plays an important part in 
the manufacture of the world's food 
supply. T 
7. The energy we get from eating a steak 
can be traced back to the sun. T 
8. The exact nature of light is known to 
man. T 
9. Light travels through space at a speed 
of approximately 186,000 miles an hour. T 
10. 
11. 
12. 
Light tends to travel in a straight 
line within the same transparent 
substance. T 
Light travels from the eye to the object. T 
Wet roads often look shiny because the 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
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surface is smooth enough to reflect 
light. 
13. Ripples in a pool distort the image 
seen in it. 
14. Throwing back light rays from a sur-
face is called refraction. 
15. Light becomes more diffused when the 
surface from which it is reflected is 
made smoother. 
16. Light cannot pass through a vacuum. 
17. Waves of frequencies higher than violet 
are called ultra-violet rays. 
18. A light year is the distance which light 
transverses in one year. 
19. The earth receives but a very small frac-
tion of the total light of the sun. 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
20. A single line of light is called a beam. T F 
21. A periscope illustrates the law of 
reflection. 
22. Some light will pass through translucent 
substances, but objects are not seen 
through them distinctly. 
23. Light energy passes through the air 
with greater loss than heat energy. 
24. Radiant energy is set free by heated ob-
T F 
T F 
T F 
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jects, fires, and sources of artifi-
cial illumination. T 
25. Opaque bodies form shadows. T 
26. A solar eclipse occurs when the moon gets 
between the sun and the earth. T 
27. The area of the earth which is in par-
tial eclipse is said to be in the urn-
bra of the shadow. T 
28. Rays of light striking a mirror are re-
fleeted with the angle of incidence 
equal to the angle of reflection. T 
29. Images in a plane mirror are erect and 
reversed. T 
30. The rays of light striking a mirror are 
reflected rays. T 
31. The law of reflection does not hold true 
for objects which diffuse light. 
32. The bending of light rays is called 
reflection. 
33. Refraction is caused by changes in the 
velocity of light. 
34. The sun cannot be seen when it is below 
the horizon. 
35. Light in passing from one medium into a 
denser medium is always bent toward the 
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denser substance. 
36. Light travels faster through glass 
than through air. 
37. A plane mirror produces an image of 
an object which is real. 
38. Hot carbon particles in a flame do not 
give off light. 
39. Images are said to be virtual if they 
can be projected on a screen. 
40. A concave lens diverges parallel rays 
of light. 
41. A convex lens projects a virtual 
image. 
42. A prism brings light rays to a focus. 
43. Color is dependent upon wave length, 
violet light having the shortest wave 
T 
T 
T 
T 
T 
T 
T 
T 
length and red the longest. T 
44. The shortest light waves have the most 
energy. T 
45. White light may be separated into colors 
by a prism. T 
46. Refraction sometimes causes mirages. T 
47. Convex reflectors are used in automobile 
headlights. T 
48. The light in a room is greatly affected 
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by the color of the walls and ceilings. 
49· The color of an object that reflects 
light depends upon the color that is 
reflected. 
50. A black object appears black because it 
reflects all colors. 
51. A diamond refracts light. 
52. The rainbow is a natural spectrum. 
53. Objects on a lake bottom appear to be 
nearer the surface than they actually 
are. 
54. Colors usually appear different under 
artificial lighting. 
55. White indicates an absorption of all 
colors. 
56. The spectrum is a band of seven colors 
which appear when sunlight is broken up 
by passing through a prism. 
57. A lens is used to bend light rays. 
58. A convex lens is thinner in the middle 
than at the rim. 
59. Reflecting telescopes use concave 
mirrors. 
60. The camera and the eye are similar in 
principle. 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
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61. The part of the eye corresponding to the 
film of the camera is the pupil. 
62. The iris controls the movement of the 
lens. 
63. The cornea is the outer transparent 
covering of the eye. 
64. The common magnifying glass is a con-
cave lens. 
65. The eye continues to see an object for 
a short time after its image has left 
the retina. 
66. Curved mirrors form variously sized and 
variously distorted images, depending 
upon the kind of curvature. 
67. When a ray of light enters a transparent 
substance perpendicularly, the ray is 
refracted. 
68. The diaphragm controls the intensity of 
light that enters the camera. 
69. The sun is an illuminated body. 
70. The sun and the heavenly bodies that 
revolve around it are called the solar 
system. 
71. When the rays of light focus in front of 
the retina farsightedness results. 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
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72. Convex lenses, correctly prescribed, 
will correct the condition of 
nearsightedness. 
73. Our nearest star is the sun. 
74. Optical illusions are caused by light 
effects which deceive the eye. 
75. A pinhole camera is more efficient than 
a lens camera. 
76. Stout people look well in clothing with 
horizontal stripes. 
77. The intensity of illumination from a 
source of light increases as the dis-
tance from the light source becomes 
T 
T 
T 
T 
T 
F 
F 
F 
F 
F 
greater. T F 
78. Light produces physical and chemical 
changes. T F 
79. The image formed on the film of the cam-
era is erect. T F 
80. The light intensity at any point one 
foot from a standard candle is called a 
foot-candle. T F 
81. The ordinary photographic film is made 
of transparent celluloid. T F 
82. Light from directly behind the camera is 
necessary to provide the best photographs.T F 
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83. The cream-colored solid contained in 
the gelatin of a photographic film is 
silver bromide. 
84. In a negative the bright spots of the 
object photographed appear dark. 
85. In printing a film the step involves the 
use of a positive to make a negative. 
86. The real print of a photograph will be 
the reverse of the negative. 
87. The 35-millimeter film is a standard film 
used in schools. 
88. A frame in a motion picture includes a 
series of pictures in the performance of 
one action. 
89. The safety or non-inflammable film has 
nitrate marked on its edge. 
90. Fifteen minutes is required to run off 
400 feet of sound film. 
91. Time-lapse photography is used to show 
the growth of a flower. 
92. A silent film shows sixteen frames per 
second. 
\ 
93. A sound film shows twenty-four frames 
per second. 
94. The illusion of motion is due to the 
persistence of vision. 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
95. The same number of exposures are made 
per second in slow-motion pictures as 
in sound films. 
96. The silent film has sprocket holes on 
both sides. 
97. The motion picture takes a series of 
still pictures at a high rate of speed. 
98. The projector is almost exactly the same 
as a camera in operation except that the 
light passes through it in the opposite 
direction. 
99· To preserve sight, books should be 
printed on glossy paper. 
100. On a dark, cloudy day the pupil of the 
eye becomes smaller. 
101. The intensity of light at its source is 
measured in units called candle power. 
102. The indirect method of lighting is most 
economical. 
103. The semi-direct lighting system is more 
injurious to the eyes than the direct 
method. 
104. A substance is said to be transparent 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
when light waves cannot pass through it. T F 
105. Opaque bodies are good refractors of light. 
T F 
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Combination test.-- Be extremely cautious when doing 
this test for it includes several types. Before each differ-
ent section you will find directions. Read them c arefully. 
A. Complete the following exercises by writing the correct 
word or group of words in the blank space at the ri ght. 
1. Light is a form of 1 energy which 1 
travels 2 miles a second. It 
moves in _2__ lines with a~ mo-
tion. Light passes freely through 
_2__ substances; it is scattered but 
passes through __ 6__ substances, and 
does not pass through ___ 7_ substan-
ces. Color of light depends upon 
its 8 . __2_ energy, which causes 
sunburn, is invisible. All colors 
are reflected equally by 10 and 
absorbed by 11 objects. White 
light is separated into colors by a 
12 
13. When light waves are thrown back 
from a substance they are 
14. Fish in a bowl appear larger than 
they really are because the light 
is 
15. The best color for a ceiling is 
2 ____ _ 
3_4 __ 
8 
5 __ 
6 
-----
7 __ 
9 __ _ 
10 
---
11 
---
12. __ _ 
( . . . . . . . . . . . . ) 
( ............ ) 
( ............ ) 
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16. Light entering the eye is regulated 
by the 
17. Light reflected from rough and un-
even surfaces is said to be 
18. The part of the eye upon which the 
image is formed is called the 
19. The point where the rays of light are 
brought together by a lens is called 
the 
20. The hazy, lighter portion of a shadow 
is known as the 
21. Red cellophane absorbs all the colors 
from light but 
22. The first real improvement in lamps 
2,3. 
24. 
came with the use of ---- as a fuel. 
The arc light is still used in 
and 
25. The sight meter measures the bright-
ness of light by the unit 
26. The science of astronomy was made pos-
sible by the invention of the 
27. There is no ------ when a ray enters a 
( ............ ) 
( ............ ) 
( ............ ) 
( ............ ) 
< •••••••••••• > I 
( ............ ) 
( ............ ) 
( . . . . . . . . . . . . ) 
( ............ ) 
( ............ ) 
( ............ ) 
transparent substance perpendicularl~ ( •••••••••••• ) 
28. In -----, lenses magnify tiny objects 
so that they may be studied. ( ............ ) 
29. In the camera, the image is focused 
on the ( •••••••••••• ) 
30. Light going thr'ough or out of a 
glass ---- is bent toward the base. ( •••••••••••• ) 
31. The distance between the center of a 
lens and the central focus is called 
the 
32. ------ of light takes place when a 
ray passes obliquely from water to 
air. 
( ............ ) 
( . . . . . . . . . . . . ) 
33. Luminous objects produce their own ( •••••••••••• ) 
34. A candle at a distance of three feet 
covers an area of ----- square 
inches. 
35. Light may produce physical and 
( . . . . . . . . . . . . ) 
------- changes. ( .••••••••••• ) 
B. Select the word or group of words that best describe 
the meaning in each sentence. Place in the parentheses 
at the right the letter immediately preceding the cor-
rect word or words. 
36. Light goes ----- (a) from the eye to 
the object; (b) from the object to 
the eye; (c) is absorbed by the eye. ( •••••••••••• ) 
37. Refraction is caused by (a) change 
in speed; (b) change in intensity; 
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(e) change in color; (d) an incan-
descent body. 
38. Light from the sun reaches the earth 
in (a) eight seconds; (b) eight min-
utes; (c) eight hours; (d) eight 
days. 
39. A single line of light is known as 
(a) beam; (b) solar spectrum; 
(c) ray; (d) focus. 
40. Man depends upon the green plant for 
food and therefore indirectly upon 
the (a) moon; (b) planets; (c) plan-
( ............ ) 
( ............ ) 
( . . . . . . . . . . . . ) 
etoids; (d) sun for energy. ( •••••••••••• ) 
41. In order to provide the proper a-
mount of light it is generally that 
the window space should be at least 
(a) one-fourth; (b) one-half; (c) 
one-third; (d) one-tenth of the 
floor space. 
42. A plane mirror produces an image 
which is (a) real; (b) transparent; 
( ............ ) 
(c) opaque; (d) virtual. ( •••••••••••• ) 
43. A concave lens causes rays of light 
to (a) converge; (b) diverge; (c) 
emerge; (d) reverse. ( •••••••••••• ) 
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44. The ciliary muscles of the eye 
control the (a) aqueous humor; 
(b) pupil; (c) lens; (d) cornea. 
45. The central body of the solar system 
is the (a) moon; (b) earth; (c) Mars; 
( ............ ) 
(d) sun. ( ..•..••••.•• ) 
46. The inten_si ty of light at -its source 
is measured in units called (a) can-
dle power; (b) foot candles; (c) 
watt; (d) kilowatt. ( •••••.•••••• ) 
47. From a financial standpoint the most 
economical method of lighting is the 
(a) semi-direct; (b) indirect; 
(c) direct. 
48. From a hygienic standpoint the most 
economical method of lighting is 
(a) semi-direct; (b) indirect; 
(c) direct. 
49· A lady dressed in blue will appear 
to be dressed in (a) red; (b) black; 
(c) white; (d) blue, when flooded in 
red light. 
50. Sunlight is (a) white; (b) bluish; 
(c) yellow; (d) reddish. 
51. The sun's spectrum is composed of 
( ............ ) 
( ............ ) 
( ............ ) 
( ............ ) 
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(a) five; (b) six; (c) seven; 
(d) eight colors. 
/ 52. A glass prism bends violet light 
{a) more than; (b) less than; (c) 
as much as; it does red light. 
53. Images that form on the retina for 
even the briefest instant are seen 
for approximately (a) one-half; {b) 
one-fourth; (c) one-eighth; (d) 
one-sixteenth of a second. 
51+. A single photograph in a reel of 
film is a {a) leader; (b) focus; 
(c) thread; (d) frame. 
55. The non-inflammable or safety film 
is the (a) nitrate; (b) celluloid; 
(c) acetate; (d) positive film. 
56. The type of ~ens found in the eye is 
(a) plano-convex; {b) double convex; 
( ............ ) 
( ............ ) 
( ............ ) 
( ............ ) 
( ............ .) 
{c) plano-concave; (d) double concave.~ •.••••••••• ) 
57. The illusion of motion is caused by 
a (a) condenser lens; {b) a rewinder; 
{c) shutter; (d) persistence of 
vision. 
58. The man who measured speed of light 
most accurately was (a) Daguerre; 
( . . . . . . . . . . . . ) 
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(b) Edison; (c) Michelson; (d) 
Niepce. 
59. A mirage is sometimes due to (a) re-
fraction; (b) persistence of vision; 
( ............ ) 
(c) akaleidoscope; (d) prism. ( •••..••••••• ) 
60. The type of photography utilized to 
show the growth of a flower is (a) 
slow motion; (b) time-lapse; (c) six-
teen frames per second; (d) twenty-
four pictures per second. ( •••••••••••• ) 
C. Show whether each of the following is true for the eye, 
the camera, both, or neither by writing the correct 
word in the space at the right. 
61. It has a sclerotic coating. ( ............ ) 
62. It has a cornea. ( ............ ) 
63. It has a concave lens. ( ............ ) 
64. Light affects silver salts. ( ............ ) 
65. The image is inverted. ( ............ ) 
66. It does not need a finder. ( ............ ) 
67. The image formed is in natural color.( •••••••••••• ) 
68. It is possible to control the amount 
of light entering the lens. ( . . . . . . . . . . . . ) 
69. The image is focused on a sensitized 
gelatin film. ( •••••••••••• ) 
70. It sometimes has a defect called 
astigmatism. ( ............ ) 
71. The image is focused by changing the 
lens curvature. ( ............ ) 
72. The picture is permanent. ( •••.•••••••• ) 
73. It sometimes requires bi-focals. ( •••••••••••• ) 
74. It can catch the flight of a bullet. ( •••••••••••• ) 
75. Focus by changing lens distance. ( •••••••••••• ) 
D. In the list of words at the left find the word to cor-
rectly fill each empty space at the ri ght, by writing 
the letter of the word. 
_The _12_ is a highly heated 
\ 
and _11_ body of immense size 
a. Venus 
b. planets compared with the earth. A-
c. moons 
d. sun round it revolve nine spheri-
e. illuminated 
f. Jupiter cal masses known as -1£_ close-
g. composition 
h. Mars ly resembling the earth in _12_ 
i. earth 
j. Saturn and 80 • These do not give 
k. Mercury 
1. light of 81 of their O\vn but are 
m. refract · 
n. reflect visible by the ~ they ~· 82 
o. diffuse -----
p. luminous The order of distance from the 
q. movement 
sun of the first three are 
85 , 86 , 84 __ 
76_ 
77_ 
78_ 
79_ 
80 
81 
83_ 
85 __ 11 
86 87 
----11 
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A _2£_ is a piece of glass 
or other _21_ material 
a. translu- specially curved to produce 
cent 
b. refracted images by ~· When a ray 
c. incidence 
d. reflected of light hits a smooth sur-
e. lens 
f. transparent face it is _22_ in such a 
g. prism 
h. reflection manner that the angle of 
i. refraction 
100 is equal to the angle 
of 101 • 
96_ 
97_ 
98_ 
99_ 1 
100 
101 
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Audio-visual aids.-- The teacher may supplement his 
instruction with use of any of the aids listed below. All 
motion pictures described in this section were found in the 
11 
Educational Film Guide; the filmstrips, as listed, were 
compiled by Falconer;£/while the list of free and low-cost 
illustrative and supplementary material was gathered from a 
Columbia University publication.2/ 
The following information is given for each motion-
picture film; title, main source,release date, length, prices, 
grading,and description of content. Immediately after the 
title in each main-title entry there is an abbreviation of 
the main source. All addresses are given in the directory 
of main sources which may be found by consulting the table ·1 
of contents. 
A. Motion pictures 
American Tempo GE 1943 
16 minutes sound two reels loan JH-SH 
The progress of the mazda lamp in regard to development 
and production through the past decade is clearly shown 
in this picture. It shows the intricate machinery 
1/ Educational Film Guide, Annual Edition. The H. W. Wilson 
Company, New York, 1949 
g/ Vera Falconer, Filmstrips. McGraw-Hill Book Company, Inc., 
New York, New York, 1948 
2/ M. N. Woodring, M. E. Oakes, and H. E. Brown, Enriched 
Teaching of Science in the High School. Teachers College, 
Columbia University, New York, 1941 
used in production, the inspections and the research 
behind the nine thousand types of lamps that were pro-
duced in peace time. 
Animated Cartoons: The Toy That Grew Q£ 
17 minutes sound $60.00 rental $5.00 
AFF 
SH 
A child's toy called the traumatrope · led Belgian 
physicist Joseph Plateau to study characteristic of the 
human eye called the persistence of vision. Emile 
Reynaud developed Plateau's machine further and was the 
first to show animated cartoons. These cartoons of 
Reynaud, of which one complete story is shown in the 
film, are as full of fantasy and almost as scientifical-
ly accurate as the product of today's animation studios. 
- Biography of the Motion Picture Camera 
20 minutes sound $60.00 rental $5.00 
AFF 1947 
SH 
Shows the first man to undertake a scientific study of 
movement. The film then discusses the problem of hav-
ing to create a camera which would be able to do the 
job of multiple cameras on one photographic plate. We 
then see that it fell to Thomas Edison to invent film 
which he used in a motion picture camera. 
- Camera Magic Castle 19L~6 
10 minutes sound $17.50 JH-SH 
Camera stunts such as ''headless" woman, human fly, 
reverse action,and others are shown. 
__ _j__~ 
Curves of Color GE 
16 minutes sound color loan SH 
In this unusual color film a drab, cold winter world 
is transformed by the coming of spring and a · warmer sun 
into a beautiful world of color. There are many shots 
of blossoming spring flowers. We see downy yellow 
ducks, a red setter and colorfully dressed children. 
The film then goes on to show how science has probed 
into this world of color by means of the color analyzer. 
We see how it is possible to obtain accurate curves for 
every possible color and, therefore, possible to exact-
ly match colors. 
- Exposure and Exposure Meters RFA 1941 
15 minutes silent rental $1.50 J H-SH 
Gives clear examples and suggestions for securing proper-
ly exposed pictures. Exceedingly practical for the 
amateur movie maker. 
~ Eyes and Their Care EBF 1941 
11 minutes sound $45.00 rental $2.50 JH-SH 
Treats in detail the physiology and hygiene of the eye. 
Animated drawings clarify structure and function. The 
film explains learning to judg e distance, eye movements, 
li ght receptors, field of vision, night-blindness, double 
vision, nearsightedness, farsightedness, infections, and 
protection of the eye. 
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Eyes for Tomorrow NSPB 
22 minutes sound $37.50 
1944 
rental $2.00 
Stresses good health as a prerequisite for good eye-
sight. It also deals with the conservation of vision 
among school children; the necessity for regular eye 
examinations; methods of treating glaucoma and trachoma; 
and the eye hazards of industry. 
--Eyes of Science B&L 1930 
45 minutes silent loan $40.00 SH 
This film discusses Galileo with his early telescope; 
Leeuwenhoek and his simple microscope; the arrangement 
of lenses and tubes which have given the scientists the 
super eye; the spectroscope; ophthalmoscope; binoculars; 
motion picture machines. 
Good Photography is Flash Photography GE 1944 
25 minutes sound loan JH-SH 
Discusses shutter action, synchronizer and flash bulb 
characteristics. A good teaching film. 
How Man Made Day Coronet 1946 
10 minutes sound $45.00 color $90.00 JH-SH 
Traces man's development of light from primitive to 
modern times. Recently such revolutionary methods of 
lighting as the neon and fluorescent have been invented 
and with them man has been able to flood his homes and 
cities with an artificial light almost equal to the 
natural light of day. 
How to Use Filters RFA 
---
1.5 minutes silent rental $1 • .50 JH-SH 
The picture deals with a brief statement of the general 
theory of filters. All the common filters such as red, 
green, and yellow are shown along with several more 
special types such as the "polarizing" and diffusion 
filters. Scenes filmed with and without these filters 
give an idea as to the results which can be expected 
when they are used correctly. Also deals with care and 
handling of filters. 
---How to Use Your Camera RFA 
1.5 minutes rental $1 • .50 JH-SH 
A carefully edited script has been skillfully trans-
ferred to the screen to make clear as only the close-up 
of a camera can do, the reasons for doing certain things 
in cinematography. The absence of a sound track is, in 
this instance, a treat for there is no distraction from 
observing carefully the action which occurs on the 
screen. 
How You See 
8 minutes 
Bray 
silent $11. 20 rental $1.00 SH 
The theory of sight explained by animated diagrams of 
photography. Principles common to the eye and to the 
combination of lens, diaphragm and sensitive plate of 
the camera are discussed. 
How You See It Jam Handy 
10 minutes sound ~~36.50 JH-SH 
Tells the story of persistence of vision and how it 
makes motion p ictures possible. Animated drawing s 
show how the image of an object is transmitted by the 
optic nerve to the brain, and how the imag e fades, in-
stead of stopping abruptly when the object is removed 
from the field of vision. Animations and photography 
illustrate the construction of the motion picture pro-
jector, and the optical reasons for shutter, lens, and 
sprockets. 
Introduction to Optics Castle 
17 minutes JH-SH 
Explains the principles of li ght waves and rays, re-
fraction and reflection, image formation in relation 
to concave and convex lenses. Applies these principles 
to optical instruments. 
Lenses and Their Uses RFA 
15 minutes silent rental ~n . 50 JH-SH 
Presents a general study of the simple theory of lenses, 
and a detailed analysis of lenses in use. Simple dia-
gr~~s show the action of light rays and how lenses are 
used to form pictures from these rays. Correct methods 
in using and handling lenses are shown. 
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Let's See BIS 
17 minutes sound color $37.50 rental $2.00 SH 
Presents the various processes of the optical industry, 
particularly the melting, molding and polishing of 
lenses. The presentation is lucid and the color pho-
tography is often genuinely helpful. 
,...___ Light Waves and Their Uses EBF 1937 
11 minutes sound $45.00 rental $2.50 JH-SH 
This elementary presentation of light includes an ex-
planation of the principles of reflection with plane, 
convex and concave mirrors. Refraction is presented in 
connection with lenses and with special reference to 
the human eye. The principles and applications of in-
terference are portrayed. This is followed by sequences 
on polar screens, the electromagnetic spectrum, and the 
quantum theory. 
Magic of Fluorescence, The GE 
16 minutes sound loan JH-SH 
Following a brief introduction of the principles of 
luminescence, fluorescen-t lighting is explained, and 
the manufacture of the fluorescent lamp is described. 
Movies March On MMA 1939 
17 minutes sound rental $4.00 JH-SH 
A rapid survey of the American Motion picture industry 
of yesterday and today. Excerpts are shown from early 
\ 
l 
films and it also includes glimpses of well known 
figures in the industry. 
Nature of Color Coronet 1946 
10 minutes sound color $90.00 JH-SH 
Primarily designed for use in physics and general sci-
ence classes, it defines color as the mental reactions 
to varying wave lengths of visible light. Leads the 
student in logical understandable sequence through an 
explanation of the nature of color in physical terms. 
Includes application of scientific color principles in 
the arts, color printing, and photography. 
Newsreel Lib F 
10 minutes sound $27.00 JH-SH 
This depicts the work of the newsreel camera men. A 
good vocational film for providing an understanding of 
the work of the newsreel men. 
Photography 
11 minutes 
Mahnke 
sound $50.00 
1946 
JH-SH 
Presents the technical, professional and commercial 
aspects of the photographic industry. A few of the 
jobs shown are those of the illustrative, commercial, 
newsreel, portrait and motion picture photographers. 
Quicker'n a Wink TFC 
9 minutes sound apply SH 
A demonstration of the new stroboscopic camera. Shown 
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in both fast and slow motion are: electric fan, kick-
ing a ball, golfer driving a ball, dentist drilling a 
tooth, and others. 
"Thomas E. Edison GE 
1.5 minutes silent or sound 1 reel loan 
Intimate glimpses of the famous inventor as the guest 
of honor of the General Electric Company at Schenectady, 
where he inspected the laboratory and factory methods 
used two score years after his invention of the in-
candescent lamp. 
To Greater Vision B&L 1944 
28 minutes sound $.50.00 loan JH-SH 
Manufacture of glass for optical instruments and eye 
wear. Demonstration of optical principles involved. 
Shows applications. Explains reflection, refraction, 
dispersion, focus, precision manufacture of prisms, 
lenses and other optical elements. Film also shows 
optical instruments used in war. Shows how eyes are 
treated and f aulty vision is corrected. 
Your Children 1 s Eyes BIS 194.5 
20 minutes sound $37-50 rental $2.00 JH-SH 
The picture falls into three parts: the physiology of 
the eye; how the eye works; and the causes of eye de-
·"", fects. It discusses the proper care of the eyes in 
-daily life. Shows how the eye is protected first by 
1---
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the brow, next by lashes, and then by the lid. 
Your Eyes YAF 
10 minutes sound $36.00 JH-SH 
Animation and live photography are used to show the 
construction of the human eye and the function of each 
of its parts. Explains eye maladjustments and their 
corrections. Stresses importance of proper eye care. 
B. Filmstrips 
Beneficient Sun SVE 
silent 55 frames manual 
Uncaptioned photographs, with information supplied in 
manual, attempting to show relation of the sun to every-
thing we possess. Views of various everyday items by 
which man relates these to heat and light energy. The 
effects of the sun itself are not visualized for only 
results are shown. These require an explanation. 
20 minutes 122 frames loan 
Includes lists of "don'ts" for those who wish to pro-
teet their eyes. Good film on preventive measures for 
industrial workers. 
20 minutes sound 96 frames loan 
Cartoons show Sammy Squint's experiences during one 
working day beginning with his difficulties in driving 
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to work, poor production, headaches, and his inability 
to do work properly. .The effect of proper glasses is 
shown on Sammy's personality. Explanation of human eye 
as camera. 
Light: Color 
37 frames 
Chicago Apparatus 
First frames stress topic of simple machines followed 
by drawings, charts, and diagrams of huminosity; pin-
hole camera; shadows; eclipse; light rays absorbed, 
reflected, or transmitted; reflection; refraction; in-
candescent lamp; intensity; artificial lighting; camera 
and human eye; water lens; parts of eye; means of proper 
focusing; optical system; common eye defects and effect 
of lenses; projection lamp; ·simple and compound micro-
scopes; and dispersion of light. 
Optical Illusions Visual Sciences 
34 frames silent 
Opens with definition of illusion, and gives examples 
of many types of illusions and common illusions appear-
ing in nature. Major portion of strip consists of ex-
amples of optical illusions showing effect of design, 
angles, curves, perspective and other factors. 
Story of Photography Visual Sciences 
50 frames silent 
Concerns Aristotle's theories on optics; Alhazen's lens; 
Bacon's pinhole camera; other early camera theories; 
camera obscura; Kepler's studies; early chemical ex-
periments and discoveries; and early photographers 
such as Herschel, Niepce, Morse, Daguerre and others. 
Good general information on development of photography. 
C. Charts, circulars, pamphlets, samples, and miscellaneous 
1. Light energy forms directly used by man, from ul-
traviolet to infrared. 
a. Cel-o-Glas free sample 
A window material on a mesh base which will 
transmit ultra-violet rays. 
E. I. DuPont de Nemours and Company 
Wilmington, Delaware 
b. The Measurement of Color free sample 
A folder showing sample report on color test 
and analysis of color. 
Electrical Testing Laboratories 
East End Avenue and 79th Street 
New York, New York 
c. Farm - Ultraviolet for the Dairy, and Ultra-
violet for Poultry one cent 
Effects of ultra-violet rays discussed briefly. 
General Electric Company 
Nela Park Engineering Department 
Nela Park 
Cleveland, Ohio 
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d. Ultraviolet: Black Light and Fluorescent 
Materials two cents 
Valuable information on these topics; illus-
trated leaflet depicting types of lamps used to 
produce ultra-violet rays discussed briefly. 
General Electric Company 
2. Light wave phenomena 
a. Experiments in Polarized Light free 
Two circulars dealing with the uses of polaroid, 
with frames, or in sheets. 
Central Scientific Company 
79 Amherst Street 
Boston, Massachusetts 
b. Polaroid Outfits various prices 
This company, maker of Chem-Craft, also makes 
outfits, priced from $3.00 to $5.00, which do 
many experiments with polarized light. 
Porter Chemical Company 
Hagerstown, Maryland 
3. Lighting for vision 
a. The Curtis Lighting Company, Inc. has a number 
of folders dealing with the lighting of theatres, 
libraries, and public buildings containing val-
uable pictures. 
Curtis Lighting Company, Inc. 
230 Park Avenue 
New York City, New York 
4. Lighting pamphlets 
a. Lighting for Seeing four cents 
b. The N~ Science of Lighting free 
c. The Quality of Lighting free 
d. Visibility Indicator 
This presents a series of visual tasks which in-
crease uniformly in difficulty. By means of 
these visual tasks, it is possible to demonstrate 
the influence of light, lighting, eyesight, eye 
glasses, and other factors upon seeing. Write 
for information as to price. 
e. Seeing £g the Highway three cents 
A leaflet on recent researches on lighting re-
quirements. Illustrated. 
f. Seeing in Tungsten, Mercury, and Sodium 
Lights. three cents 
Brings out many facts about the advantages of 
the various colors as an aid to vision. 
g. The New Science of Lighting free 36 p a ges 
Illustrated. 
h. Practical Lighting Digest free 64 pages 
Beautifully illustr a ted. Elements of modern 
lighting system. Discussion of selection of 
lighting equipment, how to plan modern lighting, 
direct and indirect lighting units. 
I 
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i. The Qualities of Incandescent Lamps free 
Graphs are used to present data for various 
lamps with respect to light per watts. 
Illustrated. 
j. The Light-Meter and Its Uses 9 pages free 
A description of the light meter, together with 
a brief outline of its more important 
characteristics. The various applications of 
the instrument are discussed, and some of the 
special purposes for which the lightmeter is 
adapted are described. 
k. Fundamentals of Illumination 60 pages free 
An excellent booklet, giving the main principles 
basic to modern illumination. Illustrated. 
1. Fluorescent Lamps and Lighting free 
Discusses in usable form the operation of fluo-
rescent lighting and compares it with filament 
light. 
m. History of Portable Light in America 
24 pages free 
General Electric Company 
Nela Park Engineering Department 
Nela Park 
Cleveland, Ohio 
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n. Chapters ~ Light 56 pages 25 cents 
This pamphlet is recommended for use as a 
supplementary text in light. It covers the 
main points of this section of physics from the 
point of view of illumination. Contains chap-
ters on light control, light measurement, modern 
illumination, and photometry, also principles, 
measurement, and control of light. From the 
same source is the sixty-page pamphlet, Experi-
ments With Light. This contains a large number 
of experiments, many not readily available else-
where. May be obtained free by teachers. 
5. Optical 
National Carbon Company, Inc. 
30 East 42nd Street 
New York City, New York 
a. Optical Instruments free 
A large chart showing a general view of a 
microscope and a diagram of how the image is 
foHaed. Also smaller size for student notebook. 
Bausch and Lomb Optical Company 
Rochester, New York 
b. The Light Benders free 47 pages 
This booklet gives a brief history of optics; 
diagrams of the human eye and other illustrations; 
uses of lenses in microscopes, telescopes, and 
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cameras. All material of Bausch and Lomb is 
available in reasonable quantities to anyone 
affiliated with the staff of an edJ cational 
institution. 
Bausch and Lomb Optical Company 
c. Microscope Chart free 
A small cardboard chart, 8~ by 11 inches, which 
shows the path of light rays through a microscope 
and its mechanical construction. Supplied in 
reasonable quantities to teachers for 
distribution. 
d. Leitz Microscope Chart free 
Chart naming parts and explaining optical 
principles. 
E. Leitz Company 
730 Fifth Avenue 
New York City, New York 
e. Hartl Optical Disk free Bulletin 160 
Showing some of the many uses to which this de-
vice is put. 
f. About Lenses 
Central Scientific Company 
79 Amherst Street 
Boston, Massachusetts 
free 31 pages 
Illustrated. Lenses as used in photography 
Valuable reference material. 
Eastman Kodak Company 
343 State Street 
Rochester, New York 
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I 6. Photography 
a. How to Make Good Pictures .50 cents 
The twenty-fourth edition of a standard book in 
the field. 
b. An Elementary Course in Photograph! 4.5 pages free 
A mimeographed leaflet that presents the subject 
in thirty lessons. 
D. Recording 
Eastman Kodak Company 
343 State Street 
Rochester, New York 
1. Windows on the World 78 RPM 30 minutes $3 • .50 
A transcription of a radio program on three 
records as presented by Rever Copper and Brass 
Company. An excellent presentation concerning 
the structure and care of the eye. 
New York University Film Library 
Washington Square 
New York 3, New York 

85 
70. False 81. False 92. False 
71. False 82. True 93· True 
72. True 83. True 94. True 
73· False 84. False 95. True 
74. False 85. True 96. True 
75. True 86. True 97. False 
76. True 87. False 98. True 
77· False 88. True 99· True 
78. False 89. False 100. True 
79· False 90. False 101. False 
so. True 91. False 102. False 
103. True 
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Key 
Combination Test 
1. radiant 21. red 41. a 
2. 186,000 22. kerosene 42. d 
3· straight 23. searchlights 43· b 
or 
4- wave 24. projectors 44- c 
.5. transparent 2.5 • foot candles 4.5. d 
6. translucent 26. telescope 46. a 
7· opaque 27. refraction 47· c 
8. wave length 28. microscopes 48. b 
9· ultraviolet 29. film 49· b 
10. white 30. prism 50. a 
11. black 31. focal length .51. c 
12. prism 32. refraction 52. a 
,, 
13. reflected 33· light 53. d 
14. refracted, bent 34· nine .54. d 
1.5. white 3.5. chemical .5.5. c 
16. iris 36. b .56. b 
17. diffused, scattered 37· a .57. d 
18. retina 38. b .58. c 
19. focus 39· c 
.59- a 
20. penumbra 4o. d 6o. b 
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61. eye . 74. camera 87. Mars 
62. eye 75. camera 88. plane 
63. neither 76. sun 89. image 
64. c amera 77. luminous 90. virtual 
65. both 78. planets 91. size 
66. eye 79· comp osition 92. distance 
or 
67. e y e 80. movements 93· front 
68. both 81. li ght 94· erect 
or 
69. c amera 82. light 95. reversed 
70. eye 83. refl e ct 96. lens 
71. eye 84. Mercury 97. transparent 
72. c amera 85. Venus 98. reflection 
73- eye 86. Earth 99· reflected 
100. incidence 
101. reflection 
CHAPTER III 
SOUND - COMMUNICATION BY EAR 
The Unit 
General statement of the unit.-- Effective communica-
tion of ideas from one person to another is one of the es-
sentials of modern civilization. If man could not receive 
by communication the knowledge which others have gained, he 
would be as ignorant as the most primitive savage. He 
would have no language, no knowledge of history and science, 
no way of learning save by his own experience. Without 
means of commlli~ication he could not get others to do his 
wishes nor to act with him for the conmon good. Through the 
many centuries civilization has advanced rather slowly, but 
within the memory of many there have been remarkable changes 
in our mode of living. Without the radio, the telephone, 
the telegraph, the phonograph, the sound pictures, and tel-
evision, the world would now seem strangely empty. The re-
production of sound by the fore-mentioned devices is now 
the business of some of the largest industries in the world. 
The commercial importance of the study of sound has become 
so great that in recent years man has seen the rise of a 
new profession, sound engineering. 
Delimitation of the unit.-- The organization of the 
followin g s t atements is logical, but the pedagogical sequence 
must be determined by the needs of the pupils: 
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1. The progress of civilization has depended upon the 
development of effective means of communication. 
2. Since a very early time man has sought ways of 
sending messages over long distances with greater 
and greater rapidity. Messengers and written 
messages have been sent with increasing speed as 
the runner and pony express have given way to the 
railroad and airplane. 
3. Man saw that certain forms of energy, such as 
light and sound, traveled much more rapidly than 
he could hope to carry messages. Thus, some savage 
tribes developed drums powerful enough to send 
messages from village to village and others de-
veloped smoke and light signals, these, in turn, 
giving way to telephone, the telegraph, and the 
radio. 
4. The human voice was man's first sound-producing 
instrument. As man learned to produce more varied 
vocal sounds, his mind developed more varied powers 
of thought and greater ingenuity. 
5. Sound is produced by vibrating bodies and is a form 
of physical energy which travels in waves in all 
directions. 
6. Sound travels through gases, liquids, and solids 
at varying velocities, air being the most common 
medh:un. 
7. Sound waves travel a limited distance only, are 
easily blocked by walls, and cannot possibly leave 
the earth's atmosphere. Telephone current waves 
are in general confined to their wires, and become 
weaker with distance. Radio waves may circle the 
earth, pass through walls and other obstructions, 
but are stopped by metal frameworks. The shortest 
radio waves may leave the earth's atmosphere and 
continue out into space. 
8. In air at ordinary temperatures sound travels 
approximately 1100 feet per second, in water about 
4700 feet per second, and in steel 15,000 feet per 
second. Telephone currents approach the speed of 
light which is about 186,000 miles per second. 
9. Matter may be made to vibrate by plucking , striking, 
or blowing , which in turn causes the air around it 
to vibrate. 
10. The intensity of the sound wave decreases as the 
distance from the source increases. 
11. The limits of the frequency for audibility of sound 
vary with different observers ' and also with the 
amplitude of the waves. The lower limit of fre-
quency of vibration which the ear can detect as a 
sound is twenty vibrations per second. The average 
human ear can hear sounds up to approximately 
20,000 vibrations per second. 
12. Sound waves consist of a series of alternate con-
densations and rarefactions. 
13. A wave length is the distance from crest to crest 
or from condensation to condensation. 
14. In a sound wave the molecules of air move back and 
forth for a she,rt distance along the line in which 
sound waves are traveling . The places where the 
molecules are pressed together are known ~s conden-
sations, or compressions, and the places they are 
spread farther apart are rarefactions. 
15. Materials such as cloth, felt, cork, and different 
kinds of manufactured fiber board are known as 
sound insulations because it is only with difficulty 
that sound waves are able to make their way through 
them. 
16. Pitch is the "highness" or "lownessu of a sound and 
depends upon the frequency, or numbers, of waves 
per second. 
17. If two objects have the same vibration frequency, 
one may be caused to vibrate by the other's vibra-
tions. This .phenomenon is called sympathetic 
vibration. 
18. The greater the energy of motion of the molecules 
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in a sound wave the louder is the sound. As the 
amplitude decreases, the energy of motion decreases, 
but the pitch remains the same. 
19. A sound level meter is used to measure the loudness 
of sounds. The unit of measurement is the decibel. 
20. The decibel is not a uniform unit like the inch or 
the pound. On the decibel scale, the loudness of 
a sound increases ten times for each ten decibels. 
Thus a sound of 30 decibels is ten times as loud 
as one of 20 decibels. 
21. Any sound level of 120 decibels is a deafening 
loudness. The average conversation is at a loud-
ness level of approximately 50 decibels, while a 
whisper registers about ten decibels. 
22. A loud speaker is a device for increasing the 
amplitude of waves. It produces powerful vibra-
tions capable of setting much air in vibration, and 
thus making sounds audible at a distance from their 
source. 
23. An echo is the result of sound waves coming in con-
tact with an obstruction and consequently being re-
flected. Multiple echoes are produced when sound 
waves are reflected many times. Scientists have 
found that one must be at least 55 feet from the 
reflecting surface in order to hear the echo. 
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24. Reflection of sound waves in an auditorium often 
results in an unpleasant confusion of sounds. 
These rooms have poor acoustical properties. 
25. Rug s, draperies, upholstered seats, roughened walls, 
help to absorb sound waves which produce echoes. 
26. The principle of reflection of sound waves in water 
is used in deep-sea sounding instruments. 
27. The human voice is produced in a box-like structure, 
called the larynx, located at the top of the wind-
pipe. In the larynx are the vocal cords, consist-
ing of two thin projecting membranes of elastic 
tissue, between which there is a narrow opening 
called the g lottis. In breathing, these membranes 
are very loose and air passes between them without 
causing sound. In producing sounds these cords are 
brought together by muscular action and made more 
28. 
or less tense, and currents of air coming through 
the glottis from the lung s cause them to vibrate. 
The pitch of the voice depends upon the tension of 
the vocal cords. Its volume depends largely upon 
the force with which the air is expelled from the 
lung s. Lips, tongue, and teeth aid in speaking. 
The ear is the organ of hearing and is adapted for 
receiving sounds. It has three main divisions, the 
outer ear, the middle ear, and the inner ear. 
93 
29. The outer ear is oval and son1ewhat funnel-shaped 
and is adapted to catch and converge sound waves. 
It encloses the auditory canal which at its inner 
end is covered with a membrane. This n1embrane re-
ceives the sound waves and transmits them to the 
middle ear. 
30. The middle ear is a small chamber in the bones of 
the head, located at the inner end of the auditory 
canal. Inwediately in contact with the ear drum 
and connecting it with the inner ear is a chain of 
three small bones, which, because they resemble a 
hammer, an anvil, and a stirrup, have been given 
these names. A passage called the Eustachian tube, 
connects the middle ear with the mouth and thus 
protects the tyn1panic membrane by equalizing the 
air pressures on the inner and outer sides. 
31. The inner ear consists of two parts, the semi-
circular canals which are filled with fluid and is 
recognized as the organ of equilibrium, and the 
cochlea, the latter being a spiral tube full of 
liquid which transmits sound. 
32. Sound waves set the tympanum vibrating and this 
movement is carried through the three bones of the 
middle ear to the cochlea to delicate nerve cells 
on its inner surface, and from them through the 
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auditory nerve to the brain where the interpreta-
tion takes place. 
33. Precautions for the care of the ear and the voice 
should be carefully observed. 
34. Music is the result of a complicated pattern of 
regular waves as produced by vibrating strings, 
vibrating air, and vibrating solids, where noise is 
the result of irregular vibrations. 
35. Musical sounds have three characteristics: loud-
ness, pitch, and quality. 
36. The quality, or timbre, of a tone is determined by 
the presence and relative loudness of the various 
overtones that are present. If the quality of 
sound is to be preserved in any method of repro-
ducing sound, not only the fundamental but the 
overtones must be reproduced. The quality of sound 
gives an indication of its source. 
37. The fundamental tone is the lowest tone produced 
when the sounding body vibrates as a whole. wnen a 
body vibrates in segments, it emits overtones. The 
simpler overtones are called harmonics. 
38. Noise cuts down the efficiency of man at work and 
causes an unhealthy nervous condition. 
39. Musical instruments are classified as wind, string , 
reed, or percussion instruments. 
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40. A phonograph record is made with the aid of 
electricity. The original is made of smooth 
beeswax and is grooved by the vibrations of a 
needle mounted on an arm which is moved with a 
worm gear in. order to space the grooves correctly. 
The record is set on a turntable which turns at an 
even speed while the program to be recorded is 
played into a microphone and amplified by radio 
tubes. On completion the record is covered with 
carbon and electroplated to make a metal master 
record. Other records are cut by placing soft 
plastic or wax against the master record by a mold-
ing process. 
41. The needle of an ordinary phonograph is vibrated by 
the grooves of the record. 
42. The same setup of microphone and amplifier tubes 
is used to record sound on film as was used on a 
disk record. 
43. Light shines through the fil!n upon a photoelectric 
cell to produce sound whose tract is usually nine-
teen frames ahead of the picture. 
44. A telephone current is a series of electromagnetic 
waves through a wire, in which electrons are crowded 
together at one instant and spread out at another. 
The radio waves are electromagnetic, believed to be 
speeding photons or energy particles. They are 
similar to light and heat waves but are much longer. 
45. The telephone, invented by Alexander Graham Bell 
in 1876, is man's most valuable and most used means 
of communication. 
46. The parts of the transmitter of the telephone are 
the (a) mouthpiece which collects and concentrates 
sound waves; (b) the disk, which is vibrated by 
sound waves; and (c) the carbon particles in a 
small box. The object of the transmitter is to 
change sound waves to electric current. 
47. At the receiving end, the fluctuating current flows 
through an electromagnet. A metal diaphragm close 
to the electromagnet is attracted by this fluctu-
ating magnetic force and when the force is strong, 
the diaphragm moves farther than when the force is 
weak. As a result, the diaphragm vibrates in step 
with the fluctuations and sends out sound waves 
which are exactly like the original waves striking 
the transmitter. 
48. Joseph Henry, Hans Oersted, and Michael Faraday 
were scientists who indirectly laid the ground work 
for the inventions of the telephone and telegraph. 
49. Thomas Edison, George W. Coy, and Charles E. Scrib-
ner were men who added to the telephone to make it 
97 
ll 
I 
what it is today. 
50. Credit for the invention of the telegraph is given 
to Samuel F. B. Morse. There are five essential 
parts of a simple telegraph: (a) the wire circuit, 
for the conduction of messages; (b) the source of 
electricity; (c) the key, which completes and 
breaks the circuit, thus sending messages by code; 
(d) the relay, which makes it possible to introduce 
another circuit at each sta.tion in order to send 
messages over long distances; and (e) the sounder, 
the receiver of the coded message. 
51. After several futile attempts Cyrus W. Field finally 
succeeded in laying the first transatlantic cable 
in 1866. 
52. The radio broadcasts magnetic waves set up by a 
current flowing through an aerial. The strength 
and frequency of the waves are controlled by a 
radio tube, which in turn is controlled by a micro-
phone. The waves cut the aerial of the receiving 
set and are changed by tubes to current which con-
trols an electromagnet in a loud-speaker. 
53. A kilocycle is a measure of frequency in radio, a 
term descriptive of a wave of 1000 cycles per second. 
A cycle is the intervening pause between two 
impulses. 
. I 
54. Radio broadcasting stations broadcast on different 
frequencies to prevent: confusion and disturbances 
on the receiving end. The Federal Communications 
Commission (FCC) assigns the frequency to each 
station. 
55. A vacuum tube controls a flow of electrons. The 
air has been removed from a vacuum tube, which con-
tains a filament wire, a plate, and a network of 
fine wires called a grid inserted between the fila-
ment and the plate. Vacuum tubes make modern radio 
broadcasting and long-distance telephoning possible. 
56. Radar makes use of radio-wave echoes to measure the 
distance of a reflecting object. 
57. Television, wired pictures, and sound motion pic-
tures depend upon the use of the photoelectric cell, 
which produces a current in proportion to the 
strength of the light shining upon it. 
Probable Incidental and Indirect Learning Products.--
Individuals will, of course, acquire these learning products 
in varying degrees since past experience is not the same for 
each learner. The need for revision will depend upon the 
experiences which develop. 
A. Incidental 
1. The understanding that many of our pleasures depend 
entirely, or in part, on sound. 
I 
I 
I 
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2. The ability to think scientifically about sound. 
J. The ability to find and use information about the 
sources and transmission of sound. 
4. The understanding that man has made sound serve 
him. 
5. A better understanding of the elementary forces, 
materials, and phenomena of sound necessary to 
I 
the citizen of any modern community in the solution 
of everyday problems of so,cial, civic, and indus-
trial significance. 
B. Indirect 
1. The development of a more wholesome and more 
mature attitude in the selection of available 
radio programs and motion pictures. 
2. The intelligent use and proper care of the various 
instruments which aid man to earn his livelihood 
and enjoy his leisure. 
3. Appreciation and awareness of the factors of sound 
in his environment. 
4. The proper care of man's larynx and ear is neces-
sary for the enjoyment of life in all its phases. 
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The Unit Assignment 
Suggested introductory activities.--The activities 
described here may not be suited to a given group, conse-
quently the alert teacher who has an adequate knowledge of 
the interests of his class will find some other stimulating 
and provocative approach. 
1. Announce to the class that as an introduction to the 
unit Sound - Communication~~ two surveys are to 
be conducted, namely, a movie survey and a radio 
survey. In a class discussion, under the guidance of 
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the teacher, determine the questions to be included 
in each of the two forms. (Two sample forms can be 
found at the conclusion of this paper.) At the 
close of the discussion the teacher is to appoint 
a chairman to preside during a class meeting for 
the purpose of electing pupils to form two commit-
tees. These committees are to mimeograph the ac-
cepted forms, distri bute them to the class for the 
desired data, and compile and tabulate results for 
presentation to the class. Allow the pupils to 
voice their ideas, opinions, and generalization of 
the surveys. 
As a conclusion ask the group for ideas which would 
improve the radio-listening and movie-going habits 
of boys and girls. Also suggest that these vicari-
ous listening experiences which should provide an 
enrichment of leisure are two of the types of 
communication to be studied. 
2. Write the following questions on the board: 
a. How many ways of sending messages do you 
know? List them. 
b. In your list for exercise one, place a check 
mark opposite each way which depends on the 
human voice. 
c. Mention the more important uses of each of 
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the means of communication you named in the 
first exercise. 
d. Which method of communication do you con-
sider the most important to the world in general? 
Why? 
e. From your knowledge of history show how 
civilization progressed as better means of com-
munication were developed. 
The pupils are to write the answers to these ques-
tions. Follow by a class discussion. The points 
to be stressed are as follows: (1} the importance 
of communication to the individual and to society; 
(2) the development of methods of communication 
from the most primitive man to modern systems; (3) 
the important difference between transporting and 
transmitting messages; and (4) the changes brought 
by electric and radio communication. 
Study-and-activity guide.-- The guide planned for the 
first unit is also to be used here. It must be remembered 
that the two introductory paragraphs are to be omitted as 
they have no relation to this unit. 
Core Activities 
* 1. The development of improved communication is 
partly responsible for the various sections of 
our country remaining under one flag. Explain 
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this statement. 
ii- 2. Imagine that you are both deaf and blind. List 
the difficulties which you would encounter in 
trying to communicate with others. 
* 3. Explain why effective communication of ideas from 
one person to another is one of the essentials 
of modern communication (1:578-580; 2:225-226; 
3:548-549; 6:31-34; 7:282-283,290; 10:587-588; 
11:587). 
-~~ 4. Through the many centuries there gradually de-
veloped various methods of comraunication. Write 
a brief history of these methods from the time 
man used hand signals to the present era (1:578-
580; 3:548-549; 6:32-34; 7:288-289; 10:588-590). 
i~ 5. Write an imaginary composition on one of the 
following: 
a. Diary of a Postrider 
b. The Pony Express 
c. Indian Smoke Signals 
d. Drums of the Savage 
e. The Stage Coach 
f. The Journey of a Postage Stamp 
Consult a history book in order to acquire the 
proper background for your story. 
* 6. Select one of the following for research work: 
105 
a. Pheidippides, the Original Marathon Runner 
b. A Message to Garcia 
c. The Development of the Alphabet 
{~ 7. How does modern communication help transportation 
systems (3:548,591-592)? 
* 8. List the many ways of sending messages that you 
know. 
u 9 ~' . In the preceding list, place a check mark before 
each method of communication that relies on the 
human voice. 
{~10. How do animals, birds, and insects communicate 
with each other (7:266-274; 8:291-293)? 
*11. Column I contains the names of various animals. 
Column II contains a list of the ways in which 
animals communicate with their fellows and the 
organs which animals use in communication. 
On a sheet of paper, list the names of the ani-
mals in Column I and next to each, write the item 
in Column II which best describes the type of 
communication it uses. 
Column I 
ant 
howling monkeys 
mantis 
young lion 
goose 
Column II 
snuggles up to mother 
sign language 
rubs edges of wings 
against its thighs 
rubs edges of wings 
together 
antennae 
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cricket 
dog 
grasshopper 
highly developed voice 
boxes 
whimpers 
moves its neck 
*12. Consult reference 7:287 and see if you can find 
in the drawing about a dozen different ways that 
man has devised for making communication easier 
and quicker. 
13. Demonstration: Do vibrating bodies cause sound? 
Materials: Cotton ball or other light object on 
a string ; a tuning fork; beaker; water; a bell; 
a hammer; stretched wire; violin bow; test tube. 
Procedure: (a) Strike a tuning fork and thrust 
it into beaker of water. Strike the tuning fork 
and touch it to the suspended cotton ball. (b) 
Strike the bell with a hammer and repeat the 
procedure with the ball. (c) Bow the stretched 
wire and touch ball. (d) Blow across the end 
of a test tube. 
Conclusion: Write your own observation, including 
your idea of what sound is and its cause. 
*14. Scientists have discovered sound waves of very 
high frequencies which are capable of suspending 
marbles in air. These waves cannot be detected 
by the average human ear. What frequencies of 
waves do affect the normal ear (1:596; 4:210; 
8:299; 10:595)? 
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*15. Which is true? All vibrating bodies produce 
sounds or all sound is produced by vibrating 
bodies. Vfuy (1:596; 4:210; 8:299; 10:595)? 
~~16. Give examples from your own observations to il-
lustrate what you have learned about the cause 
of sound. 
{~17. List several proofs to show that liquids, gases, 
and solids vibrate and give off sound (1:583-585; 
2:227-228; 3:170-172; 4:212-213; 5:310; 8:295-300; 
9:168-169; 10:592-597; 11:588-589; 12:95). 
~~18. How does air move when it carries sound (1:586-
588; 2:229; 3:172-173; 4:210-211; 5:310-312; 
8:300-302; 9:169-170; 10:593-594; 11:589; 12:95)? 
*19. Write a paragraph to show that matter and energy 
must combine to produce sound (3:170; 5:309-310; 
8:293-295; 11:589). 
~~20. Make a chart illustrating the following: 
a. Fundamental tone 
b. Overtones 
c. Sympathetic vibrations 
d. Wave length 
e. Rarefactions 
f. Condensations 
g. Movement of air molecules 
h. Sound waves spreading in spheres 
i. Noise 
j. Musical sound 
*21. How does the density of a medium affect sound 
~:584-585; 2:229-231; 3:172; 4:212-213; 5:310; 
8:301-303; 9:168; 12:95)? 
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-l~22. Explain whether sound carri,es better at high 
altitudes or at sea level. vVhy (3:172)? 
i~23. Why is it more difficult for a speaker to be 
heard in the open air than in an auditorium? 
i~2L~. Vfuy will "an ear to the ground" bring us many 
sounds before we can hear them by standing 
erect (8:302)? 
i~25. A man decided to take a short route home via a 
railroad trestle. How would he be able to tell 
if a train was approaching (8:302)? 
-l~26. How fast does sound travel through various media 
(1:585; 2:229-231; 3:171-172; 4:213; 5:310; 8:301-
303; 9:168; 10:595; 11:591-592)? 
-:~27. A flash of lightning is seen followed by the 
crash of thunder five seconds later. How far 
away is the center of the storm? 
i~28. Is shouting more easily heard in the woods or 
in the open? Why? 
-:~29. In what way did the Indian discover the approach 
of horsemen? 
Is sound more easily heard in fog or clear 
weather (3:172)? 
In a long column of marching men, the men in the 
rear are sometimes out of step with men in the 
front, but in step with the band at the front. 
1Nhy? 
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-:~32. Why was it difficult during the First World War 
to cut barbed wire in No Man's Land without being 
detected? 
33. Wny does the dentist's drilling seem louder to 
you than to the dentist? 
34. Does a molecule of air in a sound wave travel 
like a bullet or like a person in a swing? Ex-
plain (1:587; 9:169-170; 10:593-594; 11:589). 
35. Devise an experiment to show that water will 
carry sound (8:303; 9:168; 10:594). 
36. Demonstration: Does sound travel through a 
vacuum? 
Materials: Bell jar, alarm clock, cotton, air 
pump. 
Procedure: Set an alarm clock on a pad of cotton 
which is placed inside a bell jar. Set the 
alarm clock so that it will ring . Notice its 
loudness. Wind the alarm clock and place it 
in the bell jar as before. Remove some of the 
air with an air pump. Let the alarm ring 
again. Permit the air to enter. 
Conclusion: Write your own observation. 
-1~37. Why would it be impossible to communicate with 
each other by voice on the moon? 
*38. How would you accurately time a race? Why is it 
I 
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done in this manner (4:213; 11:591)? 
39· In the case of sound waves what is meant by each 
of the following: (a) pitch; (b) loudness; 
(c) quality; (d) rarefaction; (e) condensation; 
(f) wave length (1:587-590-591; 2:236-237; 4:210-
211-216-219; 5:315-316; 8:296-298; 9:170-172; 
10:593-594-597; 11:589-593-595; 12:634)? 
-::-40. When you are sitting at the back of a large 
auditorium you can hear the low and high notes 
of an orchestra at the same time. Do you think 
the pitch affects the speed of sound? 
~(41. A circular saw gives forth a high note when it 
is revolving, but the pitch falls when the saw 
cuts into a board. Can you suggest why? 
~:-42. Explain why loudness decreases as the distance 
from the source increases (1:590; 4:211; 5:310-
311; 10:594). 
~(43. Stand by a road while automobiles are passing. 
Notice whether the pitch of som~d becomes higher 
or lower as they go by. Find the cause for the 
change in pitch. This is known as the "Doppler 
effect". 
-:~44. Read about Herman von Helmholtz and list some of 
the things he discovered about sound (6:155-157). 
-ll-45. Give several examples to illustrate what is meant 
lll 
II 
by sympathetic vibrations (1:593-597; 9:173-174; 
10:596; 12:641). 
Demonstration: How can one sounding body produce 
sound in another body? (a) Get two cigar 
boxes that are the same size and remove one end 
from each box. Close the tops and fasten them 
with tiny nails. Place the boxes about six 
inches apart, with their open ends facing each 
other. Get two tuning forks that are alike 
(that produce the same number of vibrations per 
second-- 256 for example). Have a classmate 
hold the base of one of the forks against the 
top of one of the cigar boxes. 
Strike the other tuning fork and hold it against 
the top of the other cigar box. Then stop the 
tuning fork from vibrating by closing your 
fingers about the prongs. Listen carefully to 
the tuning fork that your classmate is holding. 
How do you explain the results? 
(b) Repeat the experiment, using two tuning 
forks that do not give the same number of vi-
brations per second (for example, forks whose 
vibrations are 256 and 320). Listen to the 
tuning fork that is not struck? Does it sound? 
-:<-46. The decibel is the unit of measurement for the 
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loudness of sounds. At what sound levels are the 
following: (a) the noise in a boiler factory; 
(b) an average conversation; (c) a whisper 
(9:172-173; 10:590-591)? 
47. The decibel is not a uniform unit like the inch 
or the pound. Explain how the loudness of sound 
increases on the decibel scale (1:589; 9:173; 
12 : 641-642) • 
*48. What is an echo (2:230-234; 3:177-178; 4:214; 
5:313-314; 9:169; 12:643)? 
~}49. The echo of an explosion is heard eight seconds · 
after the explosion. How far away is the reflect-
ing surface? 
o~;-50. How are the echoes used in navigation (2:231-233; 
5:314; 9:168; 12:643)? 
~}51. Read in several reference books about the uses of 
the fathometer and write a condensation of your 
findings. 
52. In the time of war, ships can tell when submarines 
are in the immediate vicinity. How is this done 
(9:168)? 
~;.53. Write on the two topics which interest you most: 
a. Geodetic survey 
b. A tour through Radio City 
c. Sound effects in radio stations 
d. Sounding boards behind speakers 
e. The Tabernacle in Salt Lake City 
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f. Sound insulation in offices and homes 
g. The whispering gallery in the United States 
capitol building 
h. The detection of airplanes in war time. 
~z-.54. What are sound insula tors? Give several examples 
(9:169; 10:.595; 11:.590). 
*.5.5. What is the principle of the megaphone? Under 
what conditions is it used (4:219; 8:298; 10:.584)? 
~z-,56. Speaking tubes are long tubes with funnel-shaped 
ends. Voices can be heard long distances through 
walls by using such tubes. Why are they successful 
(10:.594)? 
.57. How do sounds differ in quality (2:237-238; 4:219; 
8:298; 9:171-172)? 
,58. To demonstrate the previous problem tie the end 
of a rope to a pole. Hold the other end in your 
hand. Pull the rope taut and then shake the end 
to and fro. Make the rope vibrate in halves. By 
changing the tension and rate of shaking, make 
the rope vibrate in thirds and then in quarters. 
i:-.59· vVhat is the difference between musical sounds and 
noise (2:238-239; 9:172; 10:.596-.597; 11:.594-59.5; 
12:633)? 
-:z-60. By use of a diagram show the difference between 
music and noise (10:.587; 12:634). 
*61. Make a list of as many musical instruments as 
you can. Classify them as wind, string, reed, 
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and percussion instruments (2:247-251; 11:596-
598; 12:633-641). 
62. How are the principles of sound applied in the 
construction and in the playing of musical instru-
ments (2:247-251; 4:220-221)? 
-11-63. Using the following terms, tell how sound is 
produced by man: (a) larynx; (b)· vocal cords; 
(c) lungs; (d) tongue; (e) teeth; (f) lips; 
(g) membranes; (h) glottis; (i) muscular action; 
(j) palate; (k) brain (1:581-583; 2:243; 3:174-
175; 4:216; 7:283-284; 8:295-296; 9:173; 10:592-
593). 
-11-64. What are so~e of the precautions to be observed 
for the care of the voice (2:243-244)? 
-:1-65. Grasp your "Adam's apple" lightly and sing, "Ah, 
ah, ah, ah, 11 up the scale. Wbat do you discover? 
Explain. 
-!~66. Why is it difficult to speak after a person has 
been running or is very excited? 
67. Make a large chart showing the structure of the 
human ear and of the human voice box (1:595; 
3:175; 7:285; 8:304; 9:174; 10:598). 
-!}68. Trace the course of sound from its source to its 
interpretation by the brain. Apply the terms 
used on the chart for the explanation (1:594-597; 
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2:241-242; 3:175-176; 4:214-215; 7:284-286; 
8:303-305; 9:174-175; 10:597-598). 
69. Vfuy is it necessary to learn about sympathetic 
vibrations before you can learn how we hear 
(1:593-594; 9:173-174; 10:597-598; 12:641)? 
*70. List the ways by which you can take care of your 
hearing (1:597; 2:242; 3:176-177; 7:285-286). 
71. How are phonograph records made (2:244-245; 
3:175; 5:316-317; 10:598-599; 11:625-626; 
12:637)? 
72. Why does the phonograph talk (2:244-245; 5:316; 
10:589; 11:626-627; 12:637)? 
->~73. Write on one of the following topics: 
a. The story of Edison and the first phono-
graph. 
b. The dictaphone. 
c. The enrichment of our musical background. 
d. Improvement in commercial phonograph 
recording. 
->~74· What is the meaning of the word "telephone" 
(3:221)? 
*75. Prepare a paper showing how Bell and Watson worked 
on the invention of the telephone (6:106-112; 
8:334-336; 10:589-590). 
*76. The orig in of the invention of the telephone can 
be traced back to what men who experimented with 
electricity? Write a sentence showing the con-
tribution of each of these men (4:201-208; 477-482; 
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6:20-23, 43-46, 64-67, 109). 
77. Explain carefully what happens in the telephone 
transmitter while one is talking (1:600-601; 
2:334-335; 3:221; 4:263-264; 5:317-318; 6:112-
115; 8:337-340; 9:177-178; 10:607-608; 11:604-
606; 12:85-86). 
78. How does a telephone receiver make it possible 
to hear words (1:601-602; 2:336; 3:222; 4:264; 
5:318-319; 6:115-116; 8:340; 10:609-610; 11:606; 
12:86)? 
*79· What passes along a telephone wire to carry the 
message from its source to its destination 
(1:601; 3:221; 4:262; 5:319; 6:113-116; 8:339-
340; 10:609; 11:604; 12:85, 95)? 
80. Diagram the simplest telephone circuit (2:335; 
3:221; 5:318; 6:113; 8:337; 11:605). 
81. \~y was it necessary to have a knowledge of the 
characteristics of sound waves before the tel-
ephone could be invented and improved (1:600-
602; 3:221; 10:607-608)? 
~(82. What men added to the telephone to make it what 
it is today (4:477-482; 6:111-112; 8:336)? 
{}83. How does the United States compare with other 
countries in the use of the telephone (6:108; 
8:335; 10:611; 11:604; 12:84-85)? 
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~~84. Write an article for the school paper entitled, 
"Changes That the Telephone Has Made in Our 
Lives." The best will be selected for 
publication. 
-ll-85. How has the telephone aided the deaf (7:281-282; 
11:592)? 
86. Explain as simply as possible the essential parts 
of the telegraph and the function of each of 
these parts (1:598-600; 2:330-331; 3:219-220; 
4:260-261; 6:36-38; 7:350-351; 8:331-334; 9:175; 
10:601-603; 11:599-602; 12:78-79). 
-:l-87. Why must a code message be used in telegraphy 
(4:260; 6:170-171)? 
i:-88. Spell out your name and address in the dots and 
dashes of the Morse Code (2:332; 3:219; 4:261; 
6:38; 7:351; 9:176; 10:603; 11:600). 
-:l-89. List the advantages and the disadvantages of the 
telephone as compared with the telegraph. 
-:l-90. Cyrus W. Field is credited with laying the first 
transatlantic telegraph cable. Read this story 
of discouragement, heartaches, and eventual 
success (6:34-35; 7:352-354). 
-:~91. How many differences can you find between radio 
waves and sound waves (1:603-604; 2:346-347; 
3:234; 4~264-265; 5:322-323; 6:168-170; 9:178-
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179; 10:613-614; 11:609-610; 12:95-96)? 
92. Distinguish between cycle and kilocycle. It 
would be helpful to consult your dictionary for 
the meaning of the prefix kilo (1:603-604; 2:347-
348; 5:322; 9:179; 10:612-615; 12:104-106). 
-lr93· "Tune in 11 on several of your favorite radio 
stations. On what number do you get these sta-
tions? Jot them down on a sheet of paper, then 
check with your newspaper to find on what fre-
quency of kilocycles each of these stations 
broadcasts. Explain why radio stations broadcast 
on different frequencies. 
94. What is meant by "tuning in 11 a radio receiving 
set (2:349; 3:237-238; 4:266; 5:324-326; 9:180-
181; 10:619; 11:617; 12:114-116)? 
95. Vfuy does a radio set need to be connected to a 
source of electric current (2:346-347; 3:234-235)? 
-:~96. State one use of radio tubes (2:350-352; 3:237; 
4:266-267; 5:337-338; 6:177-183; 9:179-180; 
11:610-611; 12:97-100). 
-l~97. Of what use is the radio vacuum tube in the 
modern telephone (2:351; 4:261-262; 6:181-183; 
10:610)? 
-l~98. Compare the use and value of phonographs and radio. 
99· Make a list of the advantages which sound has in 
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comparison with other ways of transmitting mes-
sages. List the disadvantages. 
-l!-100. Why must we have a knowledge of the surface of 
the ocean bottom in order to lay a telegraph 
cable? 
-lHOl. Write a brief report on the life and work of one 
of the following men: 
a. Alexander Graham Bell 
b. Cyrus W. Field 
c. Samuel F. B. Morse 
d. Thomas Edison 
e. Guglielmo Marconi 
102. How does radar make use of radio wave echoes 
(9:183-184)? 
103. How is sound recorded on film (11:627-629)? 
104. How is the photoelectric cell used in communica-
tion (11:619-622)? 
105. Are you interested in finding out the radio-
listening and movie-going habits of your class-
mates? In order to do this in the right manner 
we must make out two inventory forms, one for 
each. What are some of the questions which you 
would include in each form? After you have agreed 
on what questions should be included, elect mem-
bers of a committee to mimeograph these forms, 
conduct the survey, tabulate and present the 
results. 
120' 
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~no6. ·what ideas do you have to improve the radio-
listening and movie-going habits of boys and 
girls? 
Suggested optional related activities.-• The teacher 
must provide numerous and diverse activities in order to 
meet the individual differences of his class. If possible, 
these activities should satisfy a current purpose and, in-
elude as well, the other good learning situations that are 
more often associated with the subject concerned. 
1. Make a toy telephone out of two tin cans and a 
piece of wire or string at least 100 feet long. 
Fasten the string or wire through holes in the 
bottom of the cans and knot the ends to prevent 
them from slipping through. Talk to one another 
in as low a tone of voice as can be heard by the 
listener. Now talk i n the same tone of voice over 
your simple telephone. The wire should be 
stretch ed ti ghtly. Result? What carried the sound 
waves ? 
2. Arrang e to have the opportunity to observe the 
operation of the sound equipment of the school's 
projector. 
3. Ask your teacher to arrange a visit to the nearest 
modern telephone exchange. 
4. Find out how the International Code differs from 
the Morse Code and explain to the class. 
5. Write to the Information Department of the American 
Telephone and Telegraph Company, 195 Broadway, New 
York City, for pamphlets and other literature on 
the telephone. 
6. After a visit to a telephone exchange, explain the 
following to the class: 
a. How a call is received at the exchan ge 
b. How it is completed 
c. How it is timed and charged to the subscriber. 1 
7. Explain how spe~ch may be transmitted between two 
receivers connected with wires, but without a 
battery. 
8. Examine a bicycle siren and try to explain to the 
class why it changes its pitch as you ride at dif-
ferent speeds. 
9. Try to make a telegraph circuit that will work by 
using the ground in place of one wire. Push a~ike 
into moist soil at each instrument. Connect one 
wire from each instrument to the spike and have the 
second wire run all the way between the instruments. 
10. Plan a telegraph circuit that will include two 
sounders and two keys so that messages can be sent 
in either direction. 
11. Obtain a telephone transmitter, receiver, and dry 
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cell. Connect them so that the sound of tapping 
on the transmitter can be heard in the receiver. 
Demonstrate the circuit and operation to the 
class. 
12. Report to the class how a vacuum tube of a radio 
works. 
13. Examine the working parts of a radio set and 
learn what changes are made while the set is being 
tuned. You may explain these changes to your 
class. 
14. Explain to the class what is meant by geophysical 
prospecting. 
1.5. Investigate the "telephoto" process of telegraph-
ing pictures that is now in common use in securing 
news pictures. 
16. Secure a worn-out radio tube. Prepare an exhibit 
of its parts for the class. 
17. Look up the story concerning Echo and Narcissus 
and relate it to the class. 
18. If you have any knowledge of the Semaphore code, 
bring your flags to the class and give a demonstra-
tion and talk on the sending of messages through 
this medium. 
19. If you are capable of imitating birds ask your 
teacher for permission to do the imitations. Or 
l23 
if you have a record of bird calls and songs 
play it to the class. 
20. Are you interested in the fact that your voice is 
capable of breaking glass? Look it up in some 
science book to see how it is done and report to 
the class. 
21. How does a ventriloquist control and send his 
voice? 
22. Explain the working of the electric bell. 
23. How does a burglar alarm work? 
24. How does the si gnal system of elevators work? 
25. Find out about Elisha Gray and his harmonic 
tele graph. 
26. Write a short biography of the life and work of 
Cyrus Field. 
27. If you are interested in multiple echoes read 
about the delightful trip down the Saguenay River 
in Canada. 
28. What is the difference between a Stradivarius 
violin and one of average manufacture? 
29. Set up a row of drinking glasses and pour different 
quantities of water into different glasses. Tap 
each with a pencil. Note the difference in tone. 
Try to graduate the quantity of water and arrang e 
the glasses to produce the musical scale. What 
r 
is vibrating? Which glass produces the highest 
and which the lowest pitch? 
)0. Fasten a coiled spring, taken from the roller of 
a window shade, and attach a small weight. Press 
together several of the coils at the lower and 
quickly release ~he coil. Observe what happens. 
31. If you have a phonograph in which the needle moves 
from side to side, set a record rotating and hold 
the edge of your thumb nail in the groove. Do 
you hear a faint reproduction of the record? 
Fasten a large sewing needle in a sheet of heavy 
writing paper, allowing the point to project a 
little beyond the edge. Now set the needle in the 
groove. Do you get better results than with your 
thumb nail? Vfuy are the results not as g ood as 
with the phonograph reproducer? 
32. How is a simple telegraph set up and operated? 
If you are interested see one of your reference 
books and set one up. 
33. How is the telegraph line between two stations set 
up and operated? 
34. Connect a cell, push button, and ordinary doorbell. 
Trace the current through the circuit, starting 
at the negative pole of the battery and going 
through the push-button and bell and back to the 
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positive pole of the battery. 
35. By diagrams show how one push-button can ring two 
bells and how one bell can be rung by either of 
two push-buttons. 
36. Examine a radio receiving set. Try to identify 
the different instruments. 
37. Visit a radio broadcasting station. Ask to see 
the electrical equipment, as well as the studio. 
38. State a list of differences between sound waves 
and radio waves. 
39. Devise and try out some way of measuring the 
speed of sound in air. 
40. Learn the meaning of the different symbols used 
in the radio diagrams to be found in scientific 
magazines and radio manuals. 
41. Find out what the chief difficulties are in making 
television as com~on as radio. 
42. Examine several different radio sets having only 
a few tubes and make drawings to show the hook-ups 
of the sets. 
43. Demonstrate the transmission of sound through 
liquids. 
44. Prepare a report on "Energy Waves of Various 
Kinds. 11 Include heat, light, X-ray, radio waves, 
cosmic rays, etc. 
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45. Demonstrate how some musical instrument is played. 
46. Calculate about how long the spiral groove of a 
phonograph record is and report your results to 
the class. Assume that the circumference is 3 1/7 
times the diameter. 
47. Construct a musical instrument. 
48. Set up some apparatus to demonstrate the sympa-
thetic vibrations of musical notes. 
49. Demonstrate to the class some piece of apparatus 
used to assist persons who are hard of hearing. 
50. Consult an architect regarding the rules to be 
observed in the construction of a hall, so that 
there will be no disturbing echoes, also regarding 
the cure for such echoes where they exist. Report 
the results to the class. 
51. Imagine that you are Alexander Graham Bell pre-
paring his explanatory lecture on the exhibition 
of his miraculous discovery prior to the connec-
tion by telephone between Lawrence and Boston. 
52. Write a letter to the school doctor inviting him 
to give a talk to the class on the care of the ears 
53. Construct a siren wheel. 
54. Construct a set of musical glasses. 
55. Construct a rubber-band harp. 
56. Construct a percussion instrument. 
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57. Make a chart of sound insulation. 
58. Construct a megaphone. 
59. Write to the Victor Record Company for material 
on making records. 
60. Construct a cigar-box violin. 
61. Present to the class in as simple a manner as 
possible a talk on the differences between AM and 
FM broadcasting. 
62. Prepare a skit with one of your classmates illus-
trating the value of good telephone manners. 
63. Demonstrate to the class the procedure that is 
usually followed in writing a tele gram. 
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Final Test 
True-False.-- Read each. statement carefully. If you 
think it is true, circle T. Circle F if the statement is 
i'alse. If any part of the statement is false, it is all 
false. 
1. Sound is a form of physical energy. 
2. The progress of civilization has de-
pended upon the development of ef-
fective means of communication. 
3. Sound travels easily through soft 
granular substances. 
4. When sound waves hit an obstruction 
they are absorbed. 
5. Sound travels at a speed oi' JlOO i'eet 
T F 
T F 
T F 
T F 
T F 
per second through air at 0° Centigrade. T F 
6. Sound waves move outward in all direc-
tions from a vibrating body. 
7. The postrider preceded the development 
of signal drums as a means of 
communication. 
8. The rapid waving of arms causes air to 
vibrate resulting in sound which can be 
detected by the hQ~an ear. 
9· Sound travels approximately four times 
faster in water than in air. 
T 
T 
T 
T 
F 
F 
F 
F 
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10. During World War I it was difficult 
for soldiers to cut barbed wire 
barriers without being detected. 
11. All sound is due to the vibration of 
some material. 
12. Sound will carry through a vacuum. 
13. Solids carry sound more swiftly 
than water. 
14. Savage tribes developed drums powerful 
enough to send messages from village 
to village. 
15. Sound waves will carry through solids 
and liquids but not through gases. 
16. It is easier for a person to be heard 
in the open air than in a hall. 
17. A telephone current is a series of 
electromagnetic waves. 
18. Radio waves are similar to light and 
heat waves, but are much longer. 
19. Sound waves are capable of leaving the 
earth's atmosphere. 
20. The intensity of a sound wave decreases 
as the distance from the source 
increases. 
21. vVhen a fireman turns the crank of the 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
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siren wheel more rapidly, the pitch of 
the sound becomes lower. T F 
22. A boy standing 550 feet from a mountain 
hears the echo one second after he 
shouts. 
23. Sound waves are not powerful because 
their energy is changed to heat and 
consequently lost. 
24. Radio waves may circle the earth and 
T F 
T F 
pass through walls and metal frameworks. T F 
25. Radio waves cannot leave the earth's 
atmosphere and continue out into space. T F 
26. Telephone currents and radio waves 
travel faster than light. 
27. Echoes are prevented by use of porous 
materials in auditoriums. 
28 . The wires of musical instruments are 
tuned by changing their tension. 
29. The places where air molecules are 
pressed together are known as rare-
factions. 
30. A complete sound wave is made up of one 
band of molecules. 
31. A condensation differs from a compres-
sion. 
T F 
T F 
T F 
T F 
T F 
T F 
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32. A complete sound wave is made up of 
one rarefaction and one condensation. 
33. In a sound wave molecules move great 
di stances. 
34· Molectiles move as freely in solids and 
liquids as they move in air. 
35. A wave leng th is the distance from con-
densation to condensation. 
36. Pitch depends upon the frequency or 
number of waves per second. 
37. The higher the frequency the lower 
the pitch. 
38. The greater the energy of the motion 
of molecules in a sound wave, the loud-
er is the sound. 
39. As the amplitude decreases the pitch 
becomes lower. 
40. The Eustachian tube connects the mid-
dle ear with the mouth. 
41. The nmnber of vibrations per second is 
called the frequency of a sound. 
42. A long string gives a hi gher pitch 
than a short string of the same thick-
ness and tightness. 
43. The auditory nerve connects the middle 
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T F 
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middle ear with the brain. 
44. The decibel is a uniform unit like the 
inch or the pound. 
45. A sound level of 120 decibels is one of 
moderate intensity. 
46. The tympanic membrane is part of the 
inner ear. 
47· The outside part of the ear is a 
"megaphone in reverse." 
48. When sound waves from one body make 
another body vibrate, the objects are 
said to be in sympathetic vibration. 
49. Two tuning forks whose vibrations are 
256 and 320 are in sympathy with each 
other. 
50. The cochlea of the ear is filled with 
a liquid. 
51. Samuel Morse discovered the principle 
of electromagnetism. 
52. Edison and others shared in the im-
provement of the telegraph. 
53. The radio has displaced the telegraph 
in the newspaper field. 
54. The first useful application of the 
electromagnet was the telephone. 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
55. Cyrus W. Field was successful in laying 
the transatlantic cable on his second 
try. 
56. Morse invented the Morse Code as well 
as the tele graph. 
57. Shouting into a large pipe makes a 
sound that lasts a long time. 
58. Light shines through the film upon a 
photo-electric cell to produce sound 
in the theatre. 
59. The electromagnetic waves used in 
television are longer than those of 
radio. 
60. The telephone receiver contains carbon 
granules which are pressed together or 
separated as the situation demands. 
61. Sound waves travel through the tele-
phone wire. 
62. Both transmitter and receiver of the 
telephone have diaphragms. 
63. The diaphragm of the transmitter vi-
brates in sympathy with the frequency 
of sound waves emitted by the human 
voice. 
64. The diaphragm of the transmitter has no 
135 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
effect on the carbon granules. 
65. The telephone receiver has a diaphragm, 
carbon granules, and an electrical cur-
rent in its make-up. 
66. Both the telephone receiver and trans-
mitter have electromagnets. 
67. A radio broadcasting station operating 
on a frequency of 600 kilocycles sends 
out 600,000 waves per second. 
68. To listen to a certain radio station 
you must tune your set to the frequency 
upon which the station is operating. 
69. "Tuning in" is an example of sympathet-
ic vibrations. 
70. The radio microphone has no relation to 
T F 
T F 
T F 
T F 
T F 
T F 
the telephone transmitter. T F 
71. The Eustachian tube allows the equal-
ization of air pressure on both sides 
of the tympanum. 
72. The three general parts of the ear are 
in the outer ear, middle ear, and the 
cochlea. 
73. The optical nerve carries the sensation 
T F 
T F 
of sound to the brain. T F 
74. One of the bones of the middle ear 
touches the eardrum while another is in 
contact with the inner ear. 
75. The semi-circular canals control our 
balance. 
76. Fragile glass waves can be broken by 
means of sympathetic vibrations. 
77. Joseph Henry and Hans Oersted were 
scientists who indirectly laid the 
ground work for the invention of the 
telegraph. 
78. Alexander Graham Bell invented the 
telegraph in 1876. 
79· The quality of sound gives an indica-
tion of its source. 
80. The telephone in its simplest form 
consists of three parts: the key, the 
sounder, and a battery with connecting 
wires. 
81. The saxophone is a reed instrument. 
82. The phonograph was invented by Michael 
Faraday. 
T 
T 
T 
T 
T 
T 
T 
T 
T 
8). 
84. 
The cymbals are a percussion instrument. T 
The organs which produce sound are lo-
cated in the chest. T 
85. Music differs from noise because it 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
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produces irregular vibrations. T F 
86. The voice-producing organ is the 
pharynx. T F 
87. vVhen a body vibrates in segments it 
produces a fundamental tone. T F 
88. The fundamental tone is the lowest tone 
produced when the sounding body vibrates 
as a whole. 
89. Radar makes use of sound waves to 
measure the distance of a reflecting 
object. 
90. Rugs and draperies help to absorb 
sound waves which may produce echoes. 
91. Rooms which reflect sound waves in the 
form of echoes have good acoustical 
properties. 
92. An echo may be heard any distance from 
a reflecting body. 
93· The original phonograph record is made 
of smooth beeswax. 
94. The needle of an ordinary phonograph 
record is vibrated by the grooves of 
the record. 
95. Animals cannot col1IDl.unicate with each 
other. 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
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96. The sound tract of a film is usually 
several frames ahead of the picture. 
97· The same setup of microphone and 
amplifier tubes is used to record 
sound on film as was used to make a 
disk record. 
98. Radio tubes are used to amplify the 
sound entering the microphone when a 
record is being made. 
99· When man learned to produce more varied 
vocal sounds the progress of civiliza-
tion was fu~thered. 
100. The vacuum tube makes long-distance 
telephone possible. 
101. Matter cannot be made to vibrate by 
blowing. 
T F 
T F 
T F 
T F 
T F 
T F 
Combination test.-- Be extremely cautious when doing 
this test for it includes several types. Before each differ-
ent section you will find directions. Read them carefully. 
A. Complete the following exercises by writing the correct 
word or g roup of words in the blank space at the rig ht. 
1. Almost all communication is related 
in some way to ( ............. ) 
2. Animals ----- by calling , singing, 
roaring, or otherwise making sounds. ( ••••••••••••• ) 
3. Sound is produced by ----- of 
matter. 
4. The sound wave itself is a rapidly 
moving layer of air ----- which are 
( ............. ) 
packed closely together. ( ••••.•••••••• ) 
5. The most common medium for carrying 
sound is 
6. The cause of sound is 
7. Sound waves will not travel through 
a 
8. ----- do not shoot out from the vi-
brating object to form a sound wave, 
but merely move back and forth with-
in their limited space. 
9· Sound is a form of 
10. The crowding of molecules in an air 
( ............. ) 
( ............. ) 
( ............. ) 
( . . . . . . . . . . . . . ) 
( ............. ) 
wave is known as a ( ............ ) 
11. ----- depends on the number of 
waves per second. ( ............ ) 
12. The condition of the air wave where 
the molecules are spaced apart is 
known as a ( ............ ) 
13. Every condensation is followed by a( ••••.••••••• ) 
14. The reflection of sound is called 
an ( ............ ) 
15. Sound travels at the rate of 
----- feet per second through air 
under normal conditions. ( ............ ) 
16. Materials which absorb sound are 
called ( ............ ) 
17. Frequency of sound waves is called ( •••••••••••• ) 
18. A vibrating object makes the air 
around it 
19. The three characteristics of sound 
20. 
( ............ ) 
21. are -----, -----, and ------. ( •••••••••••• ) 
22. In water sound travels approximate-
ly ----- times as fast as in air. 
23. An increased velocity of sound oc-
curs with a ----- in temperature. 
24. Generally speaking, -----, -----, 
25. 
26. and -----may carry or transmit 
( ............ ) 
( ............ ) 
( ............ ) 
( ............ ) 
sound waves. 
27. Sounds in small rooms are reflected 
back in time to blend with the 
original sound and thus there is no( •••••••••••• ) 
28. In the construction of auditoriums 
extreme care is taken to provide 
good ( ............ ) 
29. A tuning fork with a 256 frequency 
has a ----pitch than one with a 
320 frequency. ( ............ ) 
30. Two tuning forks with the same fre-
quency are in ----- with each other. ( •••••••••••• ) 
31. 
32. 
3.3· 
34· 
35. 
The voice box is known as the 
The three general parts of the ear 
are ----, -----, and -----. 
The 
----- -----
connects the mid-
dle ear with the throat cavity. 
The outer ear focuses the vi bra-
tions on the 
37. Thousands of tiny fibers float in 
a liquid contained in the 
38. These fibers unite to form the 
39. The ----- permdts air to enter the 
middle ear so that the air pressure 
may be equalized on both sides of 
the tympanum. 
( ............ ) 
( ............ ) 
( ............ ) 
( ............ ) 
( ............ ) 
( ............ ) 
(" ............ ) 
40. The three small bones of the ear 41. 42. are the ---:--, ----- , and -------. ( ••.•••••••••• ) 
43· The source of a sound is deter-
mined by its 
44. Objects in tune produce -------
vi bra ti ons. 
45. The sound unit of measurement is 
the 
46. Music is usually made up of a 
complicated pattern of ------
waves. 
47. The larynx is located at the top 
part of the 
48. ------ vibrations are produced by 
a transfer of wave energy from a 
vibrating body to another with 
the same natural frequency. 
49· ------- energy enables man to 
( ............. ) 
( . . . . . . . . ..... ) 
( ............. ) 
( ............. ) 
( ............. ) 
( ............. ) 
communicate over great distances. ( •••••••.••••• ) 
50. The ------ of the ear control 
body equilibrium. ( . . . . . . . . . . . . . ) 
B. Select the word or group of words that best describe the 
meaning in each sentence. Place in the parentheses at the 
right the letter immediately preceding the correct word or 
words. 
51. A triangle is a musical instrument 
belonging to the (a) string group; 
(b) reed group; (c) wind group ; 
(d) percussion group. 
52. Sound travels with greater speed 
through (a) wood; (b) wa ter; 
(c) fiber board; (d) steel. 
53. A telephone circuit is a series 
of (a) air waves; (b) electromag-
netic rays; (c) heat waves; (d) 
( ............. ) 
( ............. ) 
light waves. ( •••••••••.••• ) 
54. The prefix kilo means (a) 10; (b) 
100; (c) 1000; (d) 10,000. ( ••.••••.••••• ) 
55. Waves that travel a limited dis-
tance only are known as (a) sound 
waves; (b) telephone current waves; 
(c) radio waves; (d) wireless 
waves. 
56. Credit for the first successful 
radio telegraph is g iven to (a) 
Henry; (b) Hertz; (c) Marconi; 
(d) Faraday. 
57. The instrument which radiates the 
carrier wave of a radio station 
into space is the (a) vacuum tube; 
(b) antenna; (c) detector; (d) 
amplifying tube. 
( ............. ) 
( ............. ) 
( . . . . . . . . . . . . .. ) 
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58. By turning the knob of your radio 
to 85 you will tune in on a radio 
station broadcasting on a fre-
quency of (a) 85 kilocycles; (b) 
850 kilocycles; (c) 8500 kilo-
cycles, (d) 85,000 kilocycles. 
59. The "heart" of a radio set is (a) 
the condenser; (b) the spe aker; 
(c) the antenna; (d) the vacuum 
tube. 
60. Sound waves eventually turn into 
(a) heat waves; (b) radio waves; 
(c) an echo; (d) light waves. 
61. Radio waves are . stopped by (a) 
walls; (b) a vacuurn; (c) metal 
frameworks; (d) any obstruction. 
62. There is no sound on the moon be-
cause (a) there is no atmosphere; 
(b) it is too cold; (c) it is too 
dark; (d) it is not a planet. 
63. Sound waves travel (a} in one di-
rection only; (b) up and down only; 
(c) in straight lines; (d) in all 
directions. 
64. Sounds on a mountai n top are 
( ............. ) 
( ............. ) 
( ............. ) 
( ............. ) 
( ............. ) 
( ............. ) 
(a) louder than; (b) the same as; 
(c) softer than; those in a valley. ( ••••••••••••• ) 
65. The sensation of sound is inter-
preted in the (a) outer ear; (b) 
middle ear; (c) inner ear; 
(d) brain. 
66. The noise of a distant explosion 
is heard (a) at the same time; 
(b) before; (c) after; the ·flash 
of the explosion is seen. 
67. The trumpet is a (a) stringed in-
strument; (b) wind instrument; 
(c) percussion instrument; (d) 
reed instrument. 
68. The man who _ finally succeeded in 
laying the Atlantic cable after 
several futile attempts was (a) 
Cyrus W. Field; (b) Samuel F. B. 
Morse; (c) Hans Oersted; (d) 
Thomas Edison. 
69. One of the several instruments 
which depends upon the use of the 
photoelectric cell is the (a) tele-
graph; (b) telephone; (c) phono-
graph; (d) sound motion picture 
projector. 
( ............. ) 
( ............. ) 
( ............. ) 
( ............. ) 
( ............. ) 
70. The lowest frequency which the ear 
can detect is (a) 10; (b) 20; 
( c) 3 o ; ( d) 4o. ( . . . . . . . . . . • •• ) 
71. The highest frequency which the 
normal human ear can detect is (a) 
5000; (b) 10, 000; (c) 20, 000; 
(d) 50,000. ( ••.•••••••••• ) 
72. A device for increasing the ampli-
tude of sound waves is the (a) 
audiometer; (b) me gaphone; (c) 
decibel; (d) rarefaction. ( ••••••••••••• ) 
73. A sound of 30 decibels is (a) half 
as loud again; (b) ten times as 
loud; (c) twice as loud; (d) not 
as loud; as one of 20 decibels. 
74. The instrument which made long 
dist~~ce telephone calls possible 
was the (a) vacuum tube; (b) am-
meter; (c) photoelectric cell; 
(d) antenna. 
75. Man's most valuable and most used 
means of communication is the 
(a) telegraph; (b) radio; (c) 
telephone. 
( . . . . . . . . . ..... ) 
( .............. ) 
( .............. ) 
,- . I' A-
·- .... _.v 
-:1 <-•· 
C. In ~i list of words at the left find the word, or words 
to correctly fill each empty space at the right, by writing 
the letter preceding the word. 
a. Samuel Morse 
b. relay 
c. earth 
d. electricity 
e. sound 
f. completes 
g. Joseph Henry 
h. key 
i. transmitter 
j. electric 
k. sounder 
1. Thomas Edison 
m. Cyrus Field 
n. breaks 
o. electromagnet 
p. diaphragm 
q. wires 
r. vacuum tubes 
s. Alex~~der Bell 
t. carbon particles 
u. mouthpiece 
v. electric current 
w. amplifier 
x. photoelectric 
cell 
y. insulator 
The telephone was invented 
by __z£ in 1876. The 
parts of the transmitter 
are the _11_, which col-
lects and concentrates 
~ waves; the _12_, 
which is vibrated by 
waves; and the 80 in 
a small box. The object 
of the transmitter is to 
change sound waves to 
81 . The 82 waves 
travel over the wires to 
the receiver. Here the 
flow goes through an 
~· A metal ~ is 
set vibrating by the flue-
tuating magnetic force and 
sends out _§2_ waves which 
are exactly like the orig-
inal waves striking the 
76 __ 
77_ 
78_79 __ 
80 
81 82 
83 84 
--
85_ 
86 . The telegraph, in- 86 
vented by ~' has sever-
al essential parts. The 
88 which, when manipu-
lated, ~ or _2Q_ the 
circuit, the _2!_, to 
strengthen the weakened 
current; the _2g_, or re-
ceiver of the "click-
clack"; .....22_ to act as 
conductors; and a source 
of ~- Telegraph cur-
rents retu~n through the 
_22_, since in any cir-
cuit there must be a re-
turn. Recently -2£_ have 
been used as relays. 
3f!_ 
89_90_ 
91_ 
92_ 
93_ 
94_ 
9.5_ 
The phonograph was in-
vented by _21_. Records 97_ 
are made with the aid of 
a. George Coy ~· The original rec-
b. radio 
c. 
d. 
e. 
f. 
g. 
h. 
i. 
j. 
l{. 
l. 
m. 
n. 
o. 
p. 
q. 
r. 
s. 
t. 
master ord is made of smooth 
rubber 
grooved ~ and is 100 by the 99 ___ 100 __ __ 
Alexander Bell 
molding 101 of a needle mount- 101 
plastic -----
Thomas Edison ed on an arra. The pro-
carbon 
vibrations gram to be recorded is 
chemical 
electricity played into a 102 and 102 
Charles Scribner 
beeswax 103 by radio tubes. On 103 _____ 
microphone 
amplified completion the record is 
electroplated 
amplifier covered with~ and 104 __ __ 
photoelectric 
cell _122 to make a metal 105 ____ 
106 record. Other 106 
----
records are made from 
this record by a 107 107_ 
process. 
lSl 
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-
Audio-visual aids.-- This section has three divisions. 
Under each division head the titles are listed alphabetically 
with the key to the sources of the motion pictures and film-
strips immediately following . Under C, the address of the 
source follows the description of the content. 
A. Motion pictures 1/ 
Adventures in Research Western Electric 
20 minutes sound loan JH-SH 
Dr. Phillips Thomas g ives a lecture-demonstration in 
the realm of electronics, principally radar. 
AT&T 1946 
17 minutes sound loan SH 
Three girls join the ranks of telephone operators and 
under the friendly guidance of their associates, in-
structors, and the chief operator they quickly learn to 
appreciate the i mportance of their jobs and the challenge 
of working with the other members of the telephone team. 
Care of the Ears BIS 1946 
51 minutes sound ~~93. 7S rental ~~6.00 SH 
A detailed presentation of the methods by which dear 
children are taught to speak. Vfuen they leave school 
they are fully qualiried to take their place in the 
world. 
!( Educational Film Guide, Annual Edition. The H. W. Wilson 
Company, New York, 1949 
=======~1=================================================-==~~-~~~=============t========== 
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Dial Comes to Tovm AT&T 1947 
10 minutes sound loan SH 
Gives background of the change to dial service, and also 
illustrates proper dial usage. 
DeveloEment of Communication EBF 1942 
11 minutes sound $45.00 rental $2.50 JH-SR 
Shows the inventions which made possible instantaneous 
communication. The most important aspects of the long 
story of man's human communication are shown. Not only 
are the devices of communication shovm, but the social, 
cultural and economic effects upon human living of these 
devices are clearly presented. 
Lex School 1946 
15 minutes sound loan SH 
Provides the educational and medical professions, as 
well as the lay people, with an introduction to the work 
being done in schools for the deaf. Scenes from the 
New York School for the Deaf added to round out the 
story of vocational training for boys and girls. 
Fundamentals of Acoustics EBF 1933 
11 minutes sound $45.00 rental $2.50 JR-SH 
The phenomenon of hearing and the modification of sound 
between the source and the hearer are emphasized in this 
film. The specific elements explained or demonstrated 
are velocity of sound, refraction, range of hearing, 
153 
lowering intensity, attenuation in air, eliminating 
high and low frequencies, reverberations and focusing 
of sound. 
How the Ears Function Knowledge Builders 
11 minutes sound $40.00 rental $ 2.00 JH-SH 
Photography, animation, and sound effects combine in 
this film to outline the structure of the human ear. 
Sound waves are briefly explained through a pebble-in-
water analogy. Animation reveals the tympanic membrane 
and the ossicles, or ear bones, with the functions of 
both. Next, the Eustachian tube is diagrammed and its 
function of pressure equalization explained. A complete 
ear diagram explains the major parts of the ear. The 
inner ear is shown in detail, and the function of the 
cochlea with its spiral membrane and accompanying nerves 
is explained by further animation. The film closes with 
the thought that the ear is a delicate and complicated 
mechanical device which translates air vibrations into 
nerve impulses. This is a good presentation of the ear 
structure and the workings of its mechanisms. 
How We Hear Bray 
6 minutes sound $8.82 rental $1.00 JH 
A study of the structure and functions of the human ear, 
shown by animated diagrams and photography. 
Laying the Atlantic Cable 
11 minutes sound $40.00 
Knowledge Builders 
rental $ 2.00 
1944 
JH-SH 
Shows scenes aboard a cable layer from Newfoundland to 
the Azores. Explains depth sounding and shows how a 
telegraphic cable is constructed and held. 
Life Begins Again Western Electric 
1.5 minutes sound loan JH-SH 
A train rounds the bend. In it are four men playing 
bridge. One causes some annoyance because he is unable 
to hear the bids. Next we see a woman looking over her 
daughter's report card which indicates that an apparently 
intelligent young girl is doing very poor work . The 
daughter is next seen mounting her bicycle and riding 
off. Her father arrives home and while he and the mother 
are discussing their daughter's poor showing we see Doris 
riding dovm the street oblivious to an approaching car 
which honks at her to no avail. Doris is thrown from 
her bicycle and although not hurt is of course somewhat 
shaken. 
She and her parents discuss what has happened and her 
mother be gins to think that she does not hear properly. 
The mother goes to school to discuss this problem with 
the teacher and is invited to watch the procedure of a 
hearing test which is about to be conducted. Doris 
proves to have far from normal hearing . With the help of 
154 
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her hearing aid Doris is able to perform confidently 
and well. Her report shows her improvement. This is a 
good picture to precede audiometer testing progr~ms in 
junior high schools. 
Loran for Ocean Navigation USCG 1947 
20 minutes sound loan 
Describes various uses of loran in ocean navigation. 
Ma g ic in the Air GM 1949 
10 minutes sound loan JH-SH 
A simple explanation with animated diagram shows the 
basic principles of television, the newest magic of the 
ether waves. This film takes you behind the scenes or 
television studio at Radio City, shows you the construc-
tion or the iconoscope which is the sender, and of the 
kinescope which is the receiver. 
Million Times A Day AT&T 1947 
11 minutes sound loan JH-SH 
Portrays in news-reel style the vast telephone network, 
equipment and personnel which are behind the making of 
long distance call. The picture dramatizes the longest 
call possible within the continental limits of the 
United States, from Eastport, Maine to Bay, California. 
Modern Aladdins Lamp Western Electric 1940 
20 minutes sound loan 
Lowell Thomas is the narrator. 
JH-SH 
The film traces the de-
velopment of the vacuum tube. It shows in detail how 
it is made and pictures its many applications in every-
day life with particular reference to its use as are-
peater tube in telephone circuits. 
Nlr. Bell AT&T 1947 
30 minutes sound apply JH-SH 
Bell centennial picture. Boston in the 1870's provides 
the historical background for this film on the life and 
work of the inventor of the telephone. Cast includes 
well-kno\vn players. 
Naturally It's FM GE 1947 
17 minutes sound color loan JH-SH 
Explains the differences between AM and FM radio broad-
casting and the advantages of the latter. 
Nature of Sound Coronet 1948 
10 minutes sound $L1-.5. 00 color $90.00 JH-SH 
Teaches sound with sound, illustrated, animated, and in 
motion. As the railroad train roars across the movie 
screen, as a white puff rises from a distant factory 
whistle and its sound arrives seconds later, the nature 
of sound is simplified and clarified. A radio amateur 
shows sound's picture on his oscilloscope, and gives a 
new understanding of the principles of sound's vibrations, 
its characteristics and its transmission. 
On the Air 
-----
20 minutes 
Jam Handy 
sound $36 . .50 
1937 
JH- SH 
Puts a radio broadcast on the screen. Explains the 
principle of the audio wave, its control, its conversion 
in the oscillator to a steady carrier wave, its trans-
mission from the sending antenna and its reception in 
the home. 
on the Air ~me 
22 minutes sound loan JH-SH 
A film that portrays the story of radio .broadcasting 
from its beginning in the garage workshop of Dr. Frank 
Conrad to the complex networks that encircle the g lobe. 
Depicting the detailed operations of a typical broad-
casting day, the film covers writing , scripting , r .ehears-
al, timing production and presentation of radio broad-
casts. By means of animated drawing s the technical side 
of broadcasting is shown. 
Percussion Group EBF 1938 
11 minutes sound $4.5.00 rental ~p2 • .50 JH-SH 
More than a dozen of the more co~nonly used percussion 
instruments are demonstrated. Chief attention naturally 
is given to the structure, manner of tuning, and playing 
of the tympani. Other percussion instruments represented 
are the tom-tom, snare drum, bass drum, tambourine, gong, 
cymbals, castanets, triangle, bells, chimes, and the 
1.57 
--=-====~========================================~~====~====== 
xylophone. Included in the compositions used are por-
tions of Schubert 1 s "March Mili taire" and of Tschai'kow-
sky's "Fourth Symphony." Demonstrations throughout are 
given in full orchestral setting. 
Radio and Television Mahnke 
11 minutes sound $50.00 JH-SH 
An analysis of the radio industry from the vocational 
standpoint. An opening short sequence tells of the 
history of radio and its importance today; also of the 
importance of allied inventions such as the sound motion 
picture and the public address systems, wire photo, and 
others. The many jobs in the radio industry are then 
treated in detail, the commentator telling the qualifica-
tions needed and the future involved. 
Radio Antennas - Creation and Behavior of Radio Waves 
Castle 1943 
12 minutes sound $15.86 SH 
Presents an over-all view of the generation and the be-
havior of radio waves. Animated diagrams combined with 
real photography are used wi t h the commentary to discuss 
static fields, magnetic lines of force, the behavior of 
radio waves in space, and the reflection of radio waves. 
Radio Broadcasting Today MOT 1948 
19 - minutes sound $55.00 
Appraises all the types of programs, good and bad, which 
make up radio today. Captures humor and stimulates 
158 
159 
critical thinking. 
Radio Receivers - Principles of Radio Receivers Castle 
194.5 
17 minutes sound $23.54 SH 
Portrays the principles and working of the typical radio 
receivers including crystal and tube detectors, radio 
and audio frequency amplification and the superheterodyne 
circuit. 
Receiving Radio Messages EBF 1943 
11 minutes sound $46.00 rental $2.50 JH-SH 
Animated drawings make clear the principles of a radio 
receiver. Explains the problem of tuning , the capacity 
of the variable condenser, and the inductance of the 
coil and resonance. Demonstrates the need of detection 
and how it is achieved by a crystal. The operation of 
the earphone is explained together with the production 
of audible sound waves. 
Rehearsal AT&T 1948 
2L~ minutes sound loan JH-SH 
A behind-the-scenes story of a rehearsal for the Bell 
Telephone Hour radio program, featuring Ezio Pinza, 
Blanche Thebom, Donald Voorhees and the Bell Telephone 
Orchestra. Scenes show the artists rehearsing for a 
broadcast, then changes to the actual presentation of 
the program. The commercial announcement briefly traces 
the development of communications concluding with a 
description of today's micro-wave radio relay system, 
now operating between New York and Boston. 
Right to Hear Iowa STU 1942 
31 minutes sound color $175.00 rental $6.00 ~rl- SH 
Dramatizes the needs for or ganized programs of conserva-
tion of hearing and emphasizes the objectives and pos-
sibilities of attainment in a carefully planned approach 
to the problems involved. The techniques of group and 
individual hearing tests, medical follow-up procedures, 
and educational readjustments are demonstrated. 
Safeguarding the Speechways AT&T 1939 
21 minutes sound loan JH-SH 
Shows the manufacture of various types of wire used in 
the telephone system. Starts with the collection of 
the raw materials, following them through to the uses 
of the finished product. 
Searchlight on the Nations 
20 minutes sound $42.00 
FON 1949 
rental $3.00 JH-SH 
Deals with international ex chang e of information through 
modern communications such as press radio, film, and 
telephoto. Men are still separated from each other --
half the human race does not yet have the ears to hear. 
This film tells how the United Nations is working to 
break down these barriers to pro gress. 
160 
Sending Radio Messages EBF 1943 
11 minutes sound $;45.00 rental $2.50 SH 
Operation of the following units is explained: the mi-
crophone, the transformer, and the modulator. Fundamental 
concepts are explained, as for example: sound waves, 
direct currents, alternating currents, voice current, 
carrier wave, and amplification. 
Sightseeing at Home GE 
15 minutes sound $30.00 loan 
1943 
JH-SH 
Explains clearly the general theories of television. 
G-ood for units on communication. May be used in science 
classes to help explain the principles of television. 
Singing Pipes Can NFB 
22 minutes sound $35.00 
1945 
rental $2.50 J H- SH 
A more detailed version of 11 Music in the Wind 11 giving a 
more complete account of the history and construction 
of the pipe or gan. 
Sound EPS 
9 minutes sound $30.00 renta l $1.50 SH 
The recording is made by the Vic t or Company. This film 
could be used by science classes, physics, and perhaps 
music classes would be interested. Vibra tions of wires, 
violin strings, and others are heard, the high and low 
tones with the variations. The film shows the sound 
waves passing through the air with certain intensity, 
=--=--=-===n L 
and the effects of vibrations with other objects. 
Sormds of Music Coronet 1948 
10 minutes sormd ~1>45. 00 color ~;90. 00 JH-SH 
Presents the characteristics of different types of 
musical sound. Two yom~gsters meet the genial propri e tor 
of their local music store who illustrates the principles 
of amplitude and frequency with the sounds and grooves 
of a phonograph record. Then, on a tour of his shop, 
they see and hear string , brass, woodwind, reed, and 
percussion instruments, and derive a greater appreciation 
of their melodies. 
Sound Recording and Reproduction EBF 1943 
11 minutes sound $45.00 rental $2.50 JH-SH 
This film describes how sound is converted into light 
rays to produce sound motion pictures, and how the pro-
jector is able to change the light rays back into sound 
waves. 
We learn from the film how the two great systems oper-
ate, sound recording by variable area, and sound record-
ing by variable density. The film ends with visualiza-
tions of sound as it appears by both systems. 
Sound Waves and Their Sources EBF 
11 minutes sound $45.00 rental $2.50 JH-SH 
Demonstrates and explains several types of sound sources. 
The transmission of sound waves through the air is 
----=-----=-
visualized. The characteristics of sound waves, such 
as frequency, amplitude and wave leng th, fundamentals, 
and harmonics are explained visually with acoustic ac-
companiment. The h i gh-speed camera, animation, sound 
effects, and an oscilloscope are used to clarify these 
phenomena. 
Stepp ing Along With Television AT&T 1949 
11 minutes sound loan J H-SH 
Portrays the Bell System's role in expanding the hori-
zons of television. Briefly, the story explains how a 
musical ballet television program originating i n a New 
York City studio is delivered via coaxial cable and radio 
relay facilities to a residence in Waukesha, Wisconsin. 
Story of a Violin Can NF'D 1948 
21 minutes sound $150.00 rental $5.00 JH-SH 
A boy called Bill, his violin, a baseball game and a 
delivery truck are involved. The violin is accidentally 
destroyed, and the remorseful sand-lot team follows the 
progress of a new one as it takes sh ape in the crafts-
man's hands. 
Story of Communication Films 1947 
22 minutes sound ~;7,5.00 J H-SH 
Highli ghts the g reat early landmarks in communication, 
writing and prin ting , but is concerned primarily with 
means of transmitting thoughts and messages, with the 
conquest of space and time. The great revolution in 
transmission began with the harnessing of electric 
energy. The film traces the amazing story of the first 
telegraph and the first telephone and links this story 
with the multiplying use of electric power in the build-
ing of the modern world. 
Telephone Courtesy AT&T 1946 
25 minutes sound loan JH-SH 
Points out some poor habits and illustrates and under-
scores the value of g ood telephone manners. 
Telephone Hour AT&T 1945 
23 minutes sound loan JH-SH 
This presentation of a network broadcast shows the be-
hind-the-scenes activities of technicians and features 
the Bell Telephone orchestra conducted by Donal d Voor-
hees with Josef Hoffman, pianist, as guest soloist. 
Vacuum Tubes EBF 1943 
11 minutes sound $45.00 rental $2.50 SH 
Animated drawings show the way in which vacuum tubes 
work. The three functions of the vacuum tube in radio 
are explained; how it serves in amplifying current to 
operate the loudspeaker; how it is used as a rectifier 
in detection; and how it is used as an oscillator tube 
in the transmission station to produce the carrier wave. 
164 
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Vibratory Motions and Waves EPS 
20 minutes sound $60.00 rental ~ti 3. 00 SH 
This film opens by illustrating a single harmonic motion 
of a tuning fork by slow-motion photography. By anima-
tion and slow motion it depicts d amped, undamped, sta-
tionary, and propagating waves . Wave length, phase, 
crest, trough, nodes, antinodes, condensation, rare-
faction are clearly defined. Both transverse and longi-
tudinal waves are well treated. 
Your Children's Ears BIS 1946 
15 minutes sound $47-50 rental $2.50 JH-SH 
In this film the physiology of the ear is explained in 
detail by animated diagrams. The close relation of the 
nose and throat and the dangers of the common cold are 
shown. Often c h ildren who appear dull and unresponsive 
are suffering from hearing difficulties, due to adenoids 
or other obstructions, which can be easily cleared if 
given proper medical attention. 
Your Ears YAF 1947 
10 minutes sound $40.00 JH-SH 
Illustrates the structure of the human ear and the 
function of each of its p ar ts. Discusses the manner in 
which certain diseases cause deafness and stresses the 
necessity for proper care of the ears. 
B. Filmstrips1/ 
How the Telephone Talks Eye Gate 
silent 84 frames 
Opens with comparison of sound waves with water ripples 
and diagram of sound waves traveling out from electric 
bell. Indicates conversion into electric waves by tele-
phone. Includes photographs of various parts of the 
telephone and some explanation of how the receiver is af-
fected by waves reaching it. Requires some additional 
explaining by instructor, but diagrams are generally 
clear and legible. The type of telephone shown is now 
outdated. 
How We Hear 
silent 
Eye Gate 
57 frames 
Shows diagrams of parts of ear and compares it with the 
telephone. Illustrates how impression of sound is sent 
to the brain. Diagrams are clear and legible. Suitable 
for use in junior high school. 
Human Voice, The Eye Gate 
silent 63 frames 
Depicts anatomy of vocal equipment and methods by which 
vocal sounds are produced. Diagram of location of voice 
box, nasal passages and windpipe; purpose and action of 
epiglottis, location of vocal cords. Diagrams of vocal 
i/Vera M. Falconer, Filmstrips. McGraw-Hill Book Company; 
Inc., 1948 
I 
cords. Diagrams of vocal cords as various musical notes 
are produced. Explains reason for pitch difference in 
men's and women's voices. Although long, it may be 
shown rapidly. · 
Properties .2.£ Sound Waves Eye Gate 
silent 73 frames 
The film includes the following experiments and demon-
strations: production of sound illustrated by making a 
glass bell sound with violin bow and by vibration of tun-
ing fork; free running steel balls illustrating how 
particles of air transmit sound; flame as sensitive to 
sound vibrations; lines of vibration on metal disk 
covered with sand and in glass bell filled with methyl-
ated spirit; experiments with vibration of membrane and 
harmonic vibrations. 
Radar 
-
Little Sir Echo Federalist 
silent 104 frames manual 
Divided into five general sequences: (1) beginnings in 
Britain in 1940, and uses in Pacific 1942-4.5; ( 2) history 
of development from work of Hertz in 1886, through de-
velopment of magnentron tube, collaboration of Britain 
and United States giving the milestones in radar history; 
(3) diagrams showing difference between radar and tele-
vision; (5) various types of radar used during the war, 
and a summary of probable peacetime uses. Very long for 
classroom uses, but can be shown in sections if desired. 
Sound 
silent 
GE 1102 
29 frames loan lecture notes 
Information on the physical properties of sound waves and 
characteristics of sound. Provides general operational 
principles of telephone and carrier current communication. 
The film is an introduction to sound and its phenomena 
and may be most useful either as introductory or review 
material. The diagrams are clear and simple and are 
well adapted for rapid blackboard reproduction. 
Sound Visual Sciences G-8 
Title self-explanatory. 
Wireless Telephony Eye Gate 
silent 71 frames 
Opens with water traveling out from center, sound waves 
traveling out from electric bell, and electric waves 
traveling in ether. Compares distances covered. Cartoon 
shows how electric waves carry solli~d waves. Views of 
wireless station; diagrams of sending and receiving 
apparatus. Information is that current in 1920's. 
Acoustics and Optics Filmette No. 178 
Contains photographs and diagrams illustrating funda-
mentals of sound, acoustics, and optics. Describes the 
human ear, principles of the phonograph, sound waves 
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formed by vowels, musical instruments, various acoustic 
patterns, echoes, reflection of waves in air and under 
water, Behm echo sounding apparatus, and tuning forks. 
Probably rather difficult for junior high school pupils. 
C. Booklets, charts, pamphlets, monographs, and 
mis~ellaneousl/ 
Birth and Babyhood of the Telephone, The 41 pages 
History of the telephone, different inventors and the-
ories, the first telephones, the development and chronol-
ogy of the telephone, and statistics. Good illustrations. 
New England Telephone and Telegraph 
Local Office 
Communication. Building America 28 pages 
Excellent pictures and discussion of telephone, tele-
graph, and radio. 
Western Electric Company 
195 Broadway 
New York, New York 
Electronics: Radio and Television~ of Radio 
Publications free 
A folder that lists government publications on this 
topic. 
Superintendent of Documents 
U. s. Government Printing Office 
Washington, D. C. 
i/M. N. Woodring, M. E. Oakes, and H. E. Brown, Enriched 
Teaching of Science · in the High School. Teachers College, 
Columbia University, New York, 1941 
From the Far Corners of the Earth 
~ --:--- -
70 pages free 
Excellent. Beautifully illustrated. Presents new 
pictures and stories of the world's raw materials, in-
eluding all metals and substances found in the telephone. 
The story of the rubber, the fibers, and the metals used 
in manufacturing telephones. Many illustrations and a 
map. 
Western Electric Company 
195 Broadway 
New York, New York 
Fundamental Principles of Radio free 
A reprint of an article in School Science and Mathematics, 
dealing with the demonstration radio-wave apparatus this 
company makes. 
Central Scientific Company 
79 A~erst Street 
Boston, Massachusetts 
Last Word in ·Telephotography, The 12 pages free 
An outline of fundamental operations of the art of elec-
trical communication, using as an example the newly de-
veloped system for transmitting pictures. 
Magic 2.£ Communication, ~ John Mills free to 
to teachers 36 pages 
. 
Only distributed by phone companies belonging to the 
Bell System. A booklet giving much good information on 
the history of the telephone, its construction and how 
the telephone system operates. Well illustrated. A 
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"tell you how" story which describes the process in 
detail. 
New England Telephone and Telegraph 
Local Office 
Measurement of Noise G. W. C. Kaye, Reports for 1932, 
pages 1.59-192 
An excellent discussion of noise, its measurement and 
means of control. 
Superintendent of Documents 
Smithsonian Institution 
Washington, D. C. 
Miracle of Talking by Telephone, The 
Reprint from the National Geographic Magazine. Illus-
trated information on the way a telephone system works 
throughout the world, the workers on the telephone, and 
the uses of the telephone. 
New England Telephone and Telegraph 
Local Office 
New England Telephone Topics free 
This monthly is intended for employees of the company 
and is not ordinarily issued to people who are not 
directly connected with the organization, but schools in 
the vicinity can probably obtain copies. Articles on 
telephone topics each month. 
New England Telephone and Telegraph 
Local Office 
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========~====-o=-=-==~~==~~=-=-============~~~-=-=---=========================F======== 
Official Bulletin of the Acoustical Materials Association 
1.5 pages free in limited quantities to teachers 
Deals with the acoustical treatment of rooms, gives ab-
sorption coefficients of various materials. Profusely 
illustrated with instructions for application, painting, 
and other notes. 
The Celotex Corporation 
919 North Michigan Avenue 
Chicago, Illinois 
Pacific Telephone Magazine free monthly 
This is a publication for employees, but it can probably 
be obtained free for schools. Articles on telephone 
topics. 
Pacific Telephone and Telegraph Company 
San F'rancisco, California 
Photronic Photoelectric Cell, The Monograph B-8 
free to teachers 2.5 cents to students 
A monograph illustrating the Weston photoelectric cell 
and its many interesting applications. Good diagrams. 
New England Telephone and Telegraph 
Local Office 
Sound-Absorbing Treatment in ~ ~ ~ Office 
20 pages free 
A pamphlet setting forth the means for reducing noise, 
thereby increasing the efficiency and happiness of the 
workers. Similar in nature and teaching value are three 
other pamphlets on the acoustics of churches, restaurants, 
========~===-=-==-=-======================"================~~~~~-=-=-==~~====~===-~--====~ 
and hospitals. 
Sound Charts set of nine charts, $6.00 
These phonetics charts are useful in both physics and 
anatomy classes. They show the positions of the various 
voc al organs for producing the chief language sounds. 
E. P. Dutton and Company 
286 Fourth Avenue 
New York, New York 
Sound Control free in reasonable quantities 20 pages 
A brochure covering brief descriptions of acoustical sci-
ence and the materials that this company manufactures for 
sound control. Good illustrations, showing uses of 
acoustical materials. 
Telephone Almanac 
Johns-Manville 
22 East 40th Street 
New York, New York 
annual 20 pages 
The history of the telephone during every month, with 
United States history. Also includes astronomical calcu-
lation and illustrations. 
New England Telephone and Telegraph 
Local Office 
Telephone in America, The 68 pages 
A very complete booklet on the history of the telephone, 
the services of the telephone, the research, the main-
tenance, and the system of the telephone. 
latest inventions. Very well illustrated. 
New England Telephone and 
Local Office 
Includes the 
Telegraph _j 
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Telephone's . Message, The 27 pages 
This booklet describes the invention of the telephone and 
the spread of its use. Well illustrated. 
Transmitter 
New England Telephone and Telegraph 
Local Office 
monthly free 
Can probably be obtained for schools. 
Via R.C.A. 
Chesapeake and Potomac Telephone Company 
725 13th Street, N. W. 
Washington, D. C. 
free 
A valuable pamphlet dealing with the advance of radio 
communication. 
Wired Photos 
Radio Corporation of America 
30 Rockefeller Plaza 
New York, New York 
Wide World News Photo Service Times. 
free 20 pages 
An illustrated description of the wired photo system for 
the transmission of photographs over ordinary telephone 
circuits. 
New England Telephone and Telegraph 
Local Office 
World Behind Your Telephone, The free to teachers 
32 pages 
Giving information on the Telephone Company, its organ-
1
1 ization and departments, and sources of raw materials. 
New York Telephone Comp.any 
New York, New York 
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Key 
True - False Test 
1. True 24. False 47. True 
2. True 25. False 48. True 
3· False 26. False 49· False 
4· False 27. True 50. True 
5. False 28. True 51. False 
6. True 29. False 52. True 
7· False JO. False 53· False 
8. False 31. False 54· False 
9· True 32. True 55. False 
10. True 33· False 56. True 
11. True 34· False 57. True 
12. False 35· True 58. True 
13. True 36. True 59· False 
14. True 37. False 60. False 
15. False 38. True 61. False 
16. False 39· False 62. True 
17. True 40. True 63. True 
18. True 41. True 64. False 
19. True 42. False 65. False 
20. True 43· False 66. False 
21. False 44· False 67. True 
22. True 45. False 68. True 
23. True 46. False 69. True 
,j 
70. False 80. False 90. True 
71. True 81. True 91. False 
72. False 82. False 92. False 
73· Fal.se 8). True 93· True 
74· True . 84. False 94· True 
75· True 85. False 95. False 
76. True 86. False 96. True 
77· True 87. False 97. True 
78. False 88. True 98. True 
79· True 89. False 99· True 
100. True 
101. False 
j 
177 
Key ~ 
Combination Test 
1. sound 23. rise 
2. communicate 24. gases 
or 
3· vibration 25. liquids 
or 
4- molecules 26. solids 
5. air 27. echo 
6. vibration 28. acoustics 
7- vacuum 29. lower 
8. molecules 30. sympathy 
9· energy 31. larynx 
10. condensation, compression 32. outer ear 
or 
11. pitch 33· middle ear 
or 
12. rare.faction 34- inner ear 
13. rare.faction 35. Eustachian tube 
14. echo 36. eardrum, tympanum, 
tymp~nic membrane 
15. 1100 37· cochlea 
16. insulators 38. auditory nerve 
17. pitch 39· Eustachian tube 
. ' 
18. vibrate 40. hammer 
or 
19. pitch 41. anvil 
or or 
20. loudness-amplitude 42. stirrup 
or 
21. quality-timbre 43- quality 
22. 4-4! 44- sympathetic 
j 
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45- decibel 66. c 87. a 
46. regular 67. b 88. h 
47. trachea, windpipe 68. a 89. f 
or 
48~ sympathetic 69. d . 90. n 
49- electrical 70. a 91. b or r 
50. semi-circular 71. c 92. k 
canal s 
51. d 72. b 93· q 
52. d 73· b 94· v or d 
53. b 74· a 95. c 
54- c 75· c 96. r 
55. a 76. 5 97. i 
56. e 77· u 98. m 
57· b 78. e 99· 0 
58. b 79· p 100. e 
59· d 80. t 101. k 
60. a 81. d or v 102. p 
61. c 82. j 103. q 
62. a 83. 0 104.' j 
63. d 84. p 105. r 
64. c 85. e 106. c 
65. d 86. u or i 107. g 
· ' 
CHAPTER IV 
SIMPLE WJ.ACHINES 
The Unit 
General statement of the unit.-- The history of civili-
zation has largely been the story of man's control of matter 
and energy. Early man once worked with his hands alone, 
unaided by any tool. When, however, he learned to use the 
first crude tools and weapons he made other discoveries 
which enabled him to conserve energy and apply it more ef-
ficiently thus marking the beginning of machinery. By the 
use of machines man has harnessed wind, water, steam, and 
electricity for his service. Today, in home and office, 
hundreds of machines and labor-saving devices are used. 
Machines make pes si!>le the comforts, the travels, and in 
many ways provide pleasures and protect health. In all 
complicated machinery we find merely the early machines 
perfected and applied in new ways. 
Delimitation of the unit.-- This section does not 
necessarily indicate the psychological development of the 
unit. It is mainly intended to serve as a guide to the 
teacher since its sequence is logical. 
1. Energy is the capacity to do work. It is never 
created and never destroyed. 
2. When any body by virtue of its condition or posi-
tion is able to do work that body is said to 
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possess energy. 
3. The energy a body possesses is always equal to 
the work required to give the body that energy. 
When a body does work, it loses energy; the amount 
of energy lost is equal to the work it has done. 
4. When a body possesses energy because of its motion 
it is said to possess kinetic energy. 
5. The energy which materials possess because of 
their chemical nature, their position, or their 
condition is called potential, or stored energy. 
6. Man's ability to transform energy from one form 
to another and to transfer it from one place to 
another has been of prime importance in making 
possible the large industries and the many 
conveniences in homes and offices. 
7. Practically all the energy that man uses has come 
directly, or indirectly, from the sun. 
8. Ages ago energy from the sun was stored in the 
ground in coal, oil, and gas deposits. 
9· The movement toward the conservation of natural 
resources is to a large extent a movement to save 
or to conserve stores of energy. 
10. Force is a push or pull that tends to set a body 
in motion or to stop a body that is moving. 
11. The force that is exerted between particles of 
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matter and holds matter together is called cohe-
sion, or adhesion. 
12. Force may be transferred by belts, chains, or gears. 
13. Work is done only when a force moves a body through 
a distance. 
14. The amount of work done is measured in foot-pounds. 
The unit of work is one unit of force exerted 
through one unit of distance, the formula being 
force times the distance. 
15. The speed or rate of doing work is called power. 
The unit of power is the horsepower, which is 550 
foot-pounds of work per second, or 33,000 foot-
pounds of work per minute. 
16. The resistance to the passage of one surface over 
another with which it is in contact is called fric-
tion. It is due to the interlocking of the pro-
jections in the surfaces. Friction always produces 
heat. Although friction is valuable in certain 
instances, it is usually undesirable in machines 
because it wastes energy, reduces the machine's 
efficiency, and wears down the moving parts. 
17. Friction may be reduced in one of the following 
ways: lubricating sliding surfaces, smoothing the 
surfaces, or reducing the amount of motion at the 
points of contact, or changing the sliding motion 
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to rolling motion. 
18. .No body can move itself, or stop its own motion, 
or alter its velocity, or change its motion from 
a straight line. This helplessness of matter is 
called inertia. 
19. Whenever a body changes its direction of motion, 
force is required. This force, called the 
centripetal force, acts toward the center of the 
curve. The tendency of a whirling body to fly 
outward in a straight line from the center is 
called centrifugal force. 
20. All objects in the universe attract one another. 
This attraction is in proportion to the masses 
of the objects and decreases as the distance be-
tween the objects increases. Since the earth is 
much larger than the objects on them, it pulls all 
of the objects on its surface towards its center. 
This attraction is knovm as gravity. 
21. · The weight of a body is a measure of the force of 
gravity acting on it, dependent on its mass and 
its position in respect to the surface of the 
earth. 
22. A body weighs more at the earth's poles than at 
the equator, and more at the surface than above 
the surface. 
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23. The mass of a body is the quantity of matter in it. 
24. The center of mass of a body is the point about 
which the matter of the body is balanced. A body 
is in a stable position when its center of mass 
is directly over some part of the base on which 
the body rests and is most stable when its center 
of mass is in the lowest possible position. 
25. The acceleration of a body falling where air re-
sistance is negligible is approximately equal to 
32 feet per second, per second. The term accelera-
tion is applied to decreases in speed as well as 
to increases in speed. 
26. If a falling body is acted upon by a horizontal 
force, its path is curved, but the time consumed 
to hit a surface is the same as if gravity acted 
alone. 
27. A machine is a device for transforming and apply-
ing energy and for making work less burdensome. 
28. Machines are used for three purposes: (a) to 
lift heavy objects with small forces, the result 
being a gain of force; (b) to move a resistance 
in one direction while the force moves in some 
other direction resulting in a gain of direction; 
and (c) to use force so as to overcome the re-
sistance more rapidly thus resulting in a gain of 
I 
I 
,, 
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speed. 
29. On examination of tools and machines, one finds 
they could be reduced to six simple machines: 
lever, pulley, wheel and axle, inclined plane, 
wedge, and screw. If the wheel and axle was con-
sidered as a form of lever, and the wedge and 
screw as forms of the inclined plane, the number 
is reduced to three. 
JO. The lever is a rigid bar used to exert a force by 
· being caused to turn about a fixed point:; the 
fulcrum. By its use, a limited force or effort 
may overcome a large resistance or weight. The 
distance on the bar from the fulcrum to the point 
of support of the weight is called the resistance 
arm of the lever. The distance from the fulcrum 
to the point where effort is applied is known as 
the force arm. 
Jl. Levers are divided into classes: fir~t class, 
when the fulcrum is between the force and the re-
sistance; second class, when the resistance is 
between the fulcrum and the force; third class, 
when the force is exerted between the fulcrum and 
the resistance. 
32. The mechanical advantage (M.A.) of any machine is 
equal to the number of times the effort is multi-
plied. For any machine, it may be obtained by 
dividing the resistance by the effort. 
33. The mechanical advantage of any lever may be found 
by dividing the weight lifted by the effort ap-
plied. It may also be. found by dividing the ·distance 
from the fulcrum to the force by the distance from 
the fulcrum to the resistance. 
34. In levers the mechanical advantage increases as 
the force is moved away from the fulcrum or as the 
weight is moved nearer the fulcrum. 
35. Levers which have the force nearer the fulcrum 
than the weight are said to have a mechanical 
advantage of speed because the weight moves more 
rapidly than the force moves. 
36. Levers of the first class have a mechanical ad-
vantage of greater or less than one, depending on 
the location of the fulcrum. 
37. Levers of the second class always have a mechanical 
advantage greater than one. 
38. Levers of the third class always have a mechanical-
advantage of less than one. 
39. The principle of the lever is employed in the 
pulley. A single fixed pulley can only change the 
direction in which a force is exerted. 
40. A single movable pulley gives a mechanical ad-
185 
vantage of two because it divides the weight be-
tween two ropes. 
41. If a combination of movable and fixed pulleys is 
arranged, the mechanical advantage is equal to 
the number of ropes supporting the movable pulley. 
42. The wheel and axle is another variation of the 
lever. It consists of a cylinder, the axle, to 
one end of which is fastened a wheel or a handle. 
By exerting the force on the rim of the wheel, a 
greater resistance can be overcome at the axle. 
43. The inclined plane is a flat surface set at an 
oblique angle to the plane of the horizon. The 
effort required to move any weight upward along 
such a surface is less than that required to move 
it vertically. 
44. The mechanical advantage of an inclined plane is 
equal to the length of the plane divided by its 
height. 
45. The wedge is sometimes called a double inclined 
plane. The longer ~~e wedge the greater its 
mechanical advantage. The force applied to a . 
wedge is used to drive it under or against the 
resistance. 
46. The screw is a spiral inclined plane which makes 
it possible to overcome a larg e resistance with a 
II 
I 
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small force. 
47. The bewildering complex of machinery is but the 
combination of a number of simple machines. 
48. Although many machines may be combinations of two 
or more machines, the output of work is never 
greater than the input. 
49 Err . . f h. 1 output • lClency o a mac lne equa s input• 
50. Modern methods of transportation developed as a 
result of the use of simple machines. 
.51. The development of machines has created a new en-
vironment for man for although they have made man's 
life easier, it has also created new hazards. 
Probable incidental and indirect learning products.--
Since individual differences must be considered these 
products should be varied. Care must be observed in the 
statement of the desired learning products as they should 
be definite rather than general. 
A. Incidental 
1. An understanding that the newer and more scien-
tific methods of work have changed man's way of 
living. 
2. The ability to combat the characteristics of cer-
tain natural forces which man must overcome in 
his daily life. 
3. The movements of various bodies which compose t he 
/i 
I 
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universe are determined by the action of certain 
forces and as a result there is order. 
4. To understand that modern science is based on the 
idea that energy can neither be created nor 
destroyed. 
5. The ability to make intelligent use of simple 
machines. 
6. The understanding that by the use of simple ma-
chines man has learned to save time and strength. 
7. The understanding that man has put energy to his 
service by the use of machines. 
8. The forces which act upon the bodies of the uni-
verse are known and as a result their movements 
can be predicted with great accuracy. 
B. Indirect 
1. A better attitude toward the proper care of 
machines. 
2. An appreciation of the need for conservation of 
natural resources. 
3. An appreciation of the contribution of power 
development to modern life. 
4. An improved attitude toward essential organization 
of materials and time. 
5. An improved attitude toward the necessity of team-
work . for a common cause as required by committee 
work. 
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The Unit Assignment 
Suggested introductory activities.-- This material, 
although designed to arouse pupil interest in the unit, 
may not serve its purpose for every class. An adequate 
J 
I 
knowledge of the interests of the pupils is essential be-
fore determining the best approach. The teacher, too, must 
realize that there must be continued motivation during the 
development of the unit. 
1. The pupils are shown pictures of the steamboat, 
steam engine, the locomotive, the reaper, the power 
loom, or any other common machines. Discuss with 
the class their origins, their inventors, and 
their contributions to the advancement of civiliza-
tion. Stress the fact that these machines freed 
the worker from the tedious part of his work. At 
the conclusion of the discussion show the class 
that this would be an opportune time to debate the 
question, "Resolved that: The inventors of ma-
chines did more to free the slaves than Abraham 
Lincoln." The debate is to be formally conducted. 
The class is to elect the chairman, the judges, 
and the participants (from volunteers). 
2. Pupils who have been previously alerted will per-
form the following while the remaining members of 
the class will proceed to the playground to observe 
the results: (a) drop a feather and the lid of a 
can at the same time from the top floor of the 
school; (b) put the feather on the lid and drop 
the lid; (c) drop a baseball and a metal ball 
ll 
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at the same instant. 
Return to the classroom for the final demonstra-
tion which is to be concerned with horizontal 
gravity. An apparatus which was previously con-
structed (see a general science reference book for 
its construction( is used. Fasten or hold it firm-
ly on the end of the table. Place two marbles in 
the apparatus as illustrated in text so that they 
are exactly the same distance from the floor. 
Have someone strike the end of the flexible strip 
a light blow with a hammer, so that one marble is 
shot out horizontally and the other starts to fall 
straight down at the same instant. 
Discuss results of these simple demonstrations and 
have the students draw conclusions as to their 
observations. 
Study-~-activity guide.-- See guide on page 19. 
Core Activities 
1. How is the progress in the development and use of 
machines related to the progress of civilization? 
*2• Make a list of machines which were not in existence 
when your grandfather was your age. 
~E-3. Man has traveled a long way on the road of inven-
-j------
tion and scientific knowledge since the days when 
crude tools were his only aids in doing his work. 
What were some of these tools? 
i}4. How do scientists define energy (1:103; 2:225-
227, 229-230; 3:139; 4:245; 5:8; 6:139; 7:3; 
8:222-223; 9:455; 10:109; 11:264; 12:263)? 
"5 .... \.... . What is the source of energy and in what forms may 
energy be found (1:103-105; 2:40-48; 3:.140; _5:9-
10; 7:4-6; 8:223-226; 9:455-456; 10:109-113; 
11:266-268)? 
i!-6. Give in sentence form a few examples to show how 
one kind of energy may be transformed into another 
kind (1:103-105; 2:249-254; 3:140-141; 5:9-10; 
7:6-7; 8:226-228; 9:456-457; 10:112-113; 11:266-
268). 
7. How does energy from the sun produce winds? 
*8. List ten things that have potential energy. For 
~·9 
''" . 
each of these tell how the energy can be released 
to produce energy of motion (1:486; 2:243-245; 
3:139-140; 5:9; 9:455; 11:265). 
Name at least three different examples of the 
effects of energy (3:137-138; 5:9-10; 7:4-6; 
8:223-226; 9:455-457; 11:266-268). 
i!-10. List ten things that have kinetic energy. Describe 
how you could prove that one of these things has 
energy (1:487; 2:242-243; 3:139-140; 5:9, 289; 
9:455-456; 11:264). 
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-~Hl. Explain how energy is "lost" in walking across a 
frozen pond. What becomes of this ''lost energy" 
(2:.253-254)? 
~!-12. Name four kinds of resistance that is overcome 
by using energy (2:232; 7:142; 8:237; 10:524). 
i!-13. What are the forms of energy used in your home? 
*14. Draw an illustration of an energy change from 
a. Mechanical energy to heat energy 
b. Heat energy into mechanical energy 
c. Chemical energy into mechanical energy 
~n5. How do we harness the energy of nature to do our 
work (1:486-488; 6:B, 96, 370-375; 8:220; 9:477-
481, 487-491; 11:290; 12:286)? 
~n6. How do we use energy for eonnnunication (1:578-
579; 5:249-251; 6:316-336; 7:31, 106, 153, 198; 
I 
9:589-590)? 
*17. How do we use the energy of light (1:610-611; 
5:181-183; 6:277-280, 291-297; 7:63, 67, 81; 
9:550)? 
-:!-18. How do we use the energy of electricity (1 :522-
524; 5:249-251; 6:316-326; 7:31, 106, 141, 153, 
198; 8:322; 9:511-512)? 
19. How may chemical energy be used to the best 
advantage of man? 
*20. How may energy be conserved (7:7-8)? 
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*21. When is work done? Give ten examples of doing 
work in the scientific sense (1:385; 2:228-229; 
3:141; 5:289; 6:14-0-141; 7:2-3; 8:214-217; 9:452-
454; 11:261-264; 12:257). 
~t-22. You have erroneously termed several things you 
did as work. Name five instances in which you 
erred (3:141; 8:214~216; 9:~52; 11:261-264). 
23. How much work is done by you in going from the 
first floor to the second floor of the school 
(1:386; 3:141; 5:290; 6:140-141; 9:453; 11:268; 
12:257)? 
-l~24. List five things you have seen happen today in 
which work has been done in the scientific sense 
of the term. Make a simple chart to show for 
each of these things what was moved, the distance 
through which the object was moved, and the force 
which started the movement. 
-l~25. A boy who weighs 150 pounds can run one hundred 
yards in twelve seconds. Does he do more work 
when he runs a race or when he walks the same 
distance in five minutes? Explain your answer. 
How much work does he do (3:141; 5:290; 6:140-
141; 9:453; 11:268; 12:257-258)? 
How much work is done when a cubic foot of water 
I 
I 
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is raised ten feet (3:141; 5:290; 6:140-141; 
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i~27. How are work and energy related (7:3-4; 9:452)? 
iE-28. What is f'orce (1:12; 2:227-228; 3:142; 5:289; 
6:134-135; 7:2; 8:200-201)? 
i~29. What is the nature of' gravity (1:12-13; 2:73-80; 
5:708; 6:129-130; 7:106-109; 8:183-186; 9:444-
445)? 
i~JO. What is the dif'f'erence between gravity and 
gravitation? 
-:<')1. State as many ways as you can by which man makes 
use of' his knowledge of' gravity in everyday lif'e 
(1:13-14; 2:94-98; 5:7-8; 7:111-112; 8:188-189; 
9 : 448 ; 10 : 5 24) • 
*32. How does gravity hinder man (1:13-14; 7:112-114; 
8:188-189; 9:448; 10:524)? 
-:~33. Why is riding in a h~avy automobile more comf'ort-
able than riding in a light one? 
*34· What reason is there f'or thinking that hailstones 
would f'all with greater speed on a high mountain 
top? 
-1~35. How do artillery of'f'icers use the knowledge of' 
the f'orce of' gravity when aiming large guns 
(2:76)? 
36. Baseballs have been dropped f'rom the top of' the 
Washington Monument to people on the ground. How 
long did it take f'or one of' these baseballs to 
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reach the earth? Explain how you arrived at 
your conclusion. 
37. Find Newton's Law of Universal Gravitation in a 
reference book or encyclopedia. How does the law 
summarize the ideas about which you have been 
reading? 
~~J8. How does the force of gravitation differ at 
different places? 
*39· Prepare a short story relating the strange hap-
penings which would occur in relation to the 
force of gravity on one of the following: Mercury I 
Jupiter, the moon ( 8: 187) • 11 
How did Galilee prove that Aristotle was wrong in I' 
believing that a small stone or other object 
falls more slo~ly than a large one (1:3-4; 2:74; 
6:132; 7:118; 11:453)? 
41. How is the density of matter related to gravity 
(1:57-58; 6:148-150; 9:445-448)? 
it-42. Vihy does a body stand or fall ( 6: 150-152)? 
43. Why is it possible to ride a bicycle and not 
fall to one side? 
~~44. Why should the lower part of a water standpipe 
be stronger than the upper part? 
I 
;~45. 
;~46. 
IL 
Why is a lamp made heavy at the base? 
How do you lean your body when you carry a heavy 
satchel? When you run forward? When you climb 
a hill? When you come down? Why (6:150-152)? 
-l(-47. How do we use gravity to measure materials 
(1:54-57; 2:81-85; 7:109-110; 8:187-188; 9:444-
446)? 
-l!-48. Write an article entitled "The World Without 
Gravity.'' 
-!:·49· What is friction (1:388; 2:236-237; 3:155; 4: 
245; 5:293-294; 6:369-370; 7:120-124, 225-228; 
8:194-197; 12:256, 266)? 
-l}50. In what ways does friction help man? In what 
ways is it a disadvantage (1:408-410; 3:156-158; 
5:293; 369-370; 7:120-128; 8:251-252; 9:473; 
12:270-271)? 
*51. How may friction be reduced? Increased (1:405-
407; 3:156; 5:293-294; 6:369-370; 7:120-128; 
8:197; 9:473-474; 10:524; 12:256-257, 268-269)? 
52 • . Why are different kinds of oils used in different 
kinds of machines (1:408; 3:156; 7:125)? 
*53· Why is the wheel called man's most important 
invention? 
-!~54. v'Vha t is the advantage of rollers or casters in 
moving heavy objects (1:406-407; 3:156; 5:294; 
6:370; 7:126-127; 9:474; 10:524; 12:256-257)? 
-l!'55. Write a theme entitled, ''The World Without 
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I Friction." 
-lt-56. V'Jhat kind of force causes the varnish to stay 
on a chair ( 2:238; 6: 143-lL~; 9:451)? 1\ 
-:t-57. What is the difference between cohesion and \ 
adhesion (2:238-239; 6:143-144; 9:451-452)? I 
-lt-58. How do scientists define inertia (2:232-235; 
3:157; 5:6-7; 6:133-134; 7:131-136; 8:189-192; 
9:449-450; 10:525)? 
59. Explain why according to the law of inertia it is 
necessary for an automobile to have a first, or 
low, gear (7:136-138, 228-230)? 
*60. Baseball rules allow the batter to overrun first 
base. Why? 
-lt-61. Explain how a driver of an automobile utilizes 
various mechanisms to overcome inertia 
(7:228-230). 
it-62. Why do road engineers bank curves? What force 
does this help to overcome (2:235; 6:135-137; 
. ' 
7:137, 140; 9:450)? 
-11-63. Centrifugal force oftentimes holds a potential 
homerun in baseball to a three-base hit. Can you 
explain this (2:235; 6:135-137; 7:137)? 
i~64. In what ways does man use centrif'ugal force to 
do work for him (1:359-360; 6:137; 9:189-192; 
10; 364, 387)? 
it-65. Make a drawing illustrating one of the following: 
a~ Inertia of rest 
b. Kinetic energy 
c. Centrifugal force 
d. Inertia of motion 
e. Friction 
f. The pull of gravity 
g. Mechanical energy 
h. Energy change 
-::-66. Bring to class pictures showing the effects of 
inertia, friction, gravity, centrifugal force, 
and energy for a classroom display. 
-::-67. Write a report on one of the following: 
a. Sir Isaac Newton 
b~ The use of chains on auto tires 
c. The use of abrasives 
d~ How tides are caused 
e. The development of the wheel 
f~ Galilee's experiment with a pendulum 
g. The gyroscope 
it-68. In group A are statements of important scientific 
principles. In group B are statements of various 
happenings. For each statement in group B find 
the statement or statements in group A which best 
account for the happening. 
L 
2. 
Group A 
All bodies in space attract each other. 
The force of gravity depends upon the 
distance between two bodies. 
Moving objects have a tendency to keep 
moving. 
Friction is the resistance of one material 
moving over or through another. 
The force of gravity between two objects 
depends upon their masses. 
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*69. 
6. Objects at rest tend to stay at rest. 
1. 
2. 
3· 
4-
5. 
6. 
7· 
8. 
Group B 
The moon continuously revolves about the 
sun. 
A loaded truck must be started in first 
gear. 
The flood waters swept away bridges and 
buildings. 
An airplane flying high in the air weighs 
less than when it rests on the ground. 
The boy gave a sudden pull on the rope and 
the box of groceries slipped off the sled. 
After winning the hundred-yard dash, the 
sprinter kept going for several yards be-
fore he could stop. 
Every year thousanqs of meteors plunge 
into the atmosphere of the earth. 
The water in the ocean is humped up into 
tides. 
What is power (4:245; 5:291; 6:141; 9:493-494; 
10:383-384; 11:268)? 
~!-70. What is a horsepower ( 4:245; 5: 291; 6: 14J_; 6:49.3-
494; 10:383-384; 11:268)? 
71. A weight of 550 pounds is raised eight feet in 
two seconds. .. At what rate is work being done 
(5:290; 6:141; 6:493-494; 10:384; 10:268-269)? 
it-72. What is the horsepower of an engine if it can 
do 3300 foot-pounds of work in three seconds 
(5:291; 6:141; 9:493-494; 10:384; 11:268-269)? 
*73· Prepare a report on the scientific discoveries 
of Ga1ileo. 
*74· Prepare a report on the scientific discoveries 
of Archimedes. 
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~t-75· What parts of the lever should be known in order 
to give you a better understanding of its uses 
(1:392-393; 3:143-144; 4:246; 5:277; 6:361-362; 
7:144-145; 8:202; 9:460; 10:356; 11:272-274; 
12:260)? 
"'-~76. Draw diagrams for each class of lever with its 
parts in correct relation to each other (3:145; 
4:246-247; 5:277; 6:365; 7:145; 8:202; 9:460; 
10:356). 
77. Demonstration: What is the Law of the Lever? 
Materials: A small piece of wood for use as a 
fulcrum; a two-foot rule; weights of sixteen 
and eight ounces. 
Directions: 
a. Place the rule on the fulcrum and slide it 
along until it just balances. What inch mark 
is over fulcrum? 
b. Place the center of the eight-ounce weight 
(call this weight the force F) over the two-
inch mark on the rule. Slide the sixteen-ounce 
weight along the rule on the opposite side of 
the fulcrum until the rule balances. (Call 
this weight the resistance R). Over what mark 
must R be placed in order to balance the rule? 
Calculate the distance of F and R from the 
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fulcrum. Record the results. Call the distance 
of R from the fulcrum, D'. 
c. Write the following table on a piece of 
paper. To make the rule balance when the eight-
ounce weight F was ___ inches from the fulcrum, 
I had to put the sixteen-ounce weight R ____ 
inches from the fulcrum. F equals ____ ounces. 
D equals ____ inches. R equals ___ ounces. 
D' equals ___ inches. 
d. Multiply F by D. Multiply R by D'. What 
is the result? This fact is always true and 
is known as the Law of the Lever. 
e. Make a diagram of this demonstration. Be 
sure to mark weights and distances properly. 
78. Demonstration: To confirm the result of the 
preceding demonstration balance a meter stick 
by supporting it at its middle point. With a 
cord suspend a 500-gram weight on the meter 
stick from a point 14 centimeters from the 
fulcrum. Find a point on the other side of 
the fulcrum at which a 200-gram weight will 
balance the first weight. How many centimeters 
is the point from the fulcrum on the other side? 
Arrange a table similar to the one in the pre-
ceding demonstration and follow the same form-
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ula. Does this confirm what was done in the 
previous exercise? 
~~79. Suppose you were carrying a heavy bag on a stick 
80. 
on your shoulder. Would you keep the bag close 
to your shoulder or out near the end of the 
stick? Make a drawing and explain why (3:143-
144). 
A boy who is able to exert a force of 50 pounds 
wishes to move a boulder weighing .5.50 pounds. 
He has a crowbar 48 inches long. Can he move the 
stone? Use the Law of the Lever to find out 
(3:144-146; 6:36.5; 9:462; 12:261). 
*81. Solve the following problems by applying the 
rule for finding the mechanical advantage of 
any lever (3:144-146; 4:24.5). 
a. A crowbar is 48 inches long and the re-
sistance is four inches from the fulcrum. 
b. If it is five feet from the fulcrum to the 
force and one foot from the fulcrum to the re-
sistance, what is the mechanical advantage? 
i~82. One boy weighs 100 pounds and is seated four 
feet from the fulcrum. The other boy weighs 60 
pounds. How far from the fulcrum must he be 
placed in order to have the seesaw balance? 
~'-83 " . Find out if the mechanical advantage of the three 
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classes of levers is greater or less than one 
(4:247; 9:460-461; 10:358). 
~~84. What is the general purpose of each class of 
lever when being used to do work (1:393-394; 
4:247; 5:277-279; 7:145-149; 8:201-205; 9:460-
462)? 
*85. Draw sketches of three examples of each class of 
lever. Name the parts in each example. 
-!~86. Make a chart on a sheet of paper with three head-
ings for the three classes of levers. Place the 
following under the proper headings: hammer; axe, 
nut cracker, sugar tongs, pliers, scissors, spatu-
la, bellows, wheel barrow, crowbar, teeter, 
scales, oar, tweezers, lemon squeezer, can open-
er, hole puncher, opening a door, mouse trap, 
fish pole, spade, opening an umbrella, tinsmith 
shears, baseball bat, fire tongs, grass clipper, 
wire shears, pinchers, platform balance, handle 
of broom, human biceps. 
~~87. How does the effort put into a lever compare with 
the work done (1:393-394; 5:277-288; 6:365; 7: 
. . . 
145-149; 8:201-205; 9:460-462)? 
~1-88. Make sketches to show the different ways in which 
the fulcrum, resistance-arm, and force-arm may be 
arranged. Which ways multiply force? Which mul-
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tiply speed and distance (1:392-394; 3:144-147; 
5:277-279; 6:365; 7:145-149; 8:201-205; 9:460-
462)? 
{~89. What are the various types of pulleys and how do 
they help man to use his muscular strength to 
greater advantage (1:397-398; 3:150-151; 4:249-
250; 5:288-290; 7:155-157; 8:205-207; 9:462-464; 
10:358-359; 274-276)? 
90. Demonstration: Arrange a fixed pulley. On one 
end of a string tie a six pound weight. Lift 
the wei ght by applying the force to a spring 
" " 
balance . How much force is required to lift 
t he wei ght? While the wei ght is moving up one 
foot, how far does the force move down? Locate 
the fulcrum, resistance, and force. 
91. Repeat the demonstration by using a movable pul-
ley. What force is needed to lift the weight? 
How far does the force move while the wei ght is 
moving one foot? Locate the fulcrum, force and 
resistance. 
92. Use a fixed and a movable pulley. What force is 
needed to lift the resistance? Which pulley gives 
the mechanical advantage? 
93· Set up a four-strand pulley system. Experiment 
with this as was done with the other systems. 
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*94· Why is a single fixed pulley ever used if it has 
a mechanical advantage of only one (3:150; 4:"250; 
5:280-281; 7:155; 8:205; 9:462)? 
*95· Draw the following systems of pulleys: three-
strand, four-strand, five-strand, six-strand 
( 9: 465). 
-:1-96. How is the mechanical advantage of a set of pul-
leys figured? What would be the mechanical ad-
vantage of each of the systems of pulleys drawn 
in the preceding exercise (3:150-152; 5:282; 7: 
156-158; 8:205-206; 9:464; 10:358; 11:275)? 
-31-97. What are some applications of pulleys (3:150; 
7:155-157; 8:205; 10:358)? 
98. How can we multiply a force by using a wheel and 
axle? Set up a rolling pin so that it can turn 
easily. Fasten a tack to the cylinder and sus-
pend from it a one-pound weight at the end of a 
long string. Attach another to a tack on the 
handle, wind a few turns on the handle and fasten 
the loose end to a spring balance. Tf the diameter 
is four times as great as the diameter of the 
handle, what will the spring balance read? The 
force will overcome how great a resistance? 
Remove the spring balance and hold the loose end 
of the wound-up string in your hand. Pull the 
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string so as to unwind it about two turns. What 
happens to the one-pound weight? What conclu-
sion is drawn from this result? 
99· Bring a bicycle to class and have it set up on 
its stand at the front of the room. Put a chalk 
mark on the back tire. Have a pupil apply force 
easily to the pedals. What transmits the force 
to the rear wheel? Count the revolutions of the 
back wheel as the sprocket takes one complete 
turn. Conclude by stating the amount of effort 
required to overcome the actual resistance. 
* 100. Name five common examples of the wheel and axle 
(1:~00; 3:~53-154; 4:250; 5:283; 6:367; 7:158-
160; 8:210; 9:465-467; 10:358; 12:267). 
i~ 101. How may a wheel and axle be used to gain force? 
To gain speed (1:399-400; 3:153-154; 5:282; 
7:158-160; 8:208-210; 9:465-467)? 
i~ 102. What are three kinds of gears? Under what con-
ditions is each kind used (5:287-289; 7:160-161; 
9:468-469; 10:531)? 
i} 103. In what three ways may force be transferred from 
one wheel to another wheel (5:287-288; 9:469; 
12::27 3-276)? 
104. Picture three inter-locking geared wheels in 
descending order of size. The large wheel has 
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thirty-six cogs, the second twelve cogs, and the 
third six cogs. How many times will the second 
and third gears turn to the large gear's once? 
In what directions do the wheels turn? Draw a 
rough diagram so that you can visualize this 
problem (5:288; 7:160; 12:276-277). 
*105. The ~ront sprocket wheel o~ a bicycle is eight 
inches in diameter, the rear sprocket wheel is 
two inches in diameter, and the rear wheel has 
a diameter o~ twenty-eight inches. How ~ar 
does the bicycle go while the pedal makes one 
complete revolution? 
*106. Find out what is meant by a "high-gear bicycle" 
and a "low-gear bicycle.n Under what circum-
stances would each be used? 
107. How can man increase the mechanical advantage o~ 
a wheel-and-axle machine (1:399-400)? 
-:noB. What is an inclined plane and how does it help 
man to use his muscular strength to greater 
advantage (1:387-389; 3:154; 4:250-251; 5:283-
284; 6:360-363; 7:160-162; 8:211-212; 9:458-
459; 10:355-356)? 
109. Demonstration: Pull a toy car up an inclined 
plane by means o~ a spring balance. Read the 
balance while you are pulling the car. Weigh 
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the car. Measure the length of the plane and 
the height of the upper end. What force is 
needed to pull the weight up the plane? How 
far did the force travel? How heavy is the 
car? How far is the load lifted by using the 
plane? Does force times distance equal re-
sistance times distance? What is gained in 
using the plane? Draw a diagram of this 
demonstration. 
*110. A plane is twelve feet long and raised three 
feet at its higher end. What force is needed 
to roll a barrel weighing 200 pounds up the 
plane (3:154; 4:251; 5:283-284; 7:161; 9:458-
459)? 
inll. Explain the theory of the inclined plane as 
applied to road building (4:251; 5:284; 6:363; 
7:161). 
*112. What examples of the inclined plane are in com-
mon use (4:251; 6:363; 7:161-162; 8:211-212; 
10:355)? 
-:a13. How do the screw and wedge help man to use his 
muscular strength to greater advantage (1:400-
404; 3:155; 4:252; 5:285; 6:368-369; 7:162; 
8:213; 9:469-471; 10:356-357; 12:271-272)? 
o~n14. What tools are screws (1:40; 4:252; 5:285; 
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7:162; 8:213; 9:470; 10:355; 12:271-272)? 
{!-115. What tools are wedges (1:402; 4:252; 5:285; 
7:162; 8:213; 9:471; 10:357)? 
{!-116. Why is a wedge a very inefficient machine (1:400; 
9:470-471)? 
*117. If you want to use a wedge that has a very large 
mechanical advantage, what kind of wedge would 
you use? 
*118. Which would make a jack-screw easier to oper-
ate: a handle three feet long or a handle two 
feet long? Explain your answer. 
{!-119. Write a short paragraph in which you relate the 
kinds of work you have seen done with wedges 
and explain why they were used. 
*120. Describe an experience of your own in which you 
used a machine to move a large weight with a 
smaller force. 
la for determining the efficiency of machines 
to this problem and the two that follow (5:292-
293; 9:473; 10:398). 
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*123. A machine was used to lift a 300-pound weight 
four feet. It required a force of 125 pounds 
to lift it, and the force moved 12 feet. 
o~n24. A force of 200 pounds was used to lift a re-
sistance of 400 pounds. The force moved eight 
feet while the resistance moved three feet. 
*125. Write a report on one of the following: 
a. Name and describe the machines in early 
pioneer homes. 
b~ The use of the capstan 
c. James Watt 
d : Eli Whitney 
e. Elias Howe 
f. Cyrus McCormick 
-l!-126. How have machines improved transportation? 
-l!-127. What machines used in the home have made life 
easier for man? 
128. \Vhat life hazards have been created by the use 
of machinery? 
129. How may man reduce the life hazards in his home 
and connnunity? 
130. What healthful habits of work should men 
require? 
Suggested optional related activities.-- The teacher 
must assume definite responsibility not only in granting 
permission to do any of these activities, but also in guid-
ing the course of these experiences in an appropriate manner. 
Interest and guidance on the part of the teacher are prime 
• 
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factors in their potential success, while on the other hand 
a passive attitude may well destroy the value of the 
activities. 
1. Prepare a bulletin board display of pictures and 
drawings which (a) show the disadvantages of fric-
tion, (b) show the uses of friction. 
2. Secure a spring scale and a flat-bottomed box. 
Fill the box in turn with different substances, and 
determine the pull necessary in each case to hold 
it stationary on a wooden inclined plane and to 
draw it up the plane. Repeat the experiments after 
coating the plane and the base of the box with 
other substances, such as cloth or sandpaper. 
Record your findings and conclusions. 
3. Study some large machine at work such as a steam 
shovel or a harvesting machine. Make simple labeled 
sketches to show what simple machine forms are used 
in it. 
4. For centuries there have been people who tried to 
invent perpetual motion machines. Find out about 
some of these devices and prepare a report for the 
class. 
5. Make a collection of common household tools and 
devices. Display them with labels to show which 
of the simple machines is illustrated in each. 
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6. Work with two other members of your class and pre-
pare demonstrations which illustrate centrifugal 
force. 
7. Prepare a table display of materials used to reduce 
friction. 
8. Prepare a bulletin-board display of illustrations 
of large devices such as cranes and steam shovels. 
Locate and label each of the simple machines used 
in them. 
9· You may be interested in preparing demonstrations 
which illustrate inertia. If so, ask one or two of 
your classmates to assist you in the preparations. 
10. Build and operate a model of a windlass such as is 
sometimes used to lift water from a deep well. 
11. Make a collection of pictures of animals which man 
has used to do his work. 
12. Prepare a notebook with illustrations of the various 
methods of land transportation. 
13. Prepare a notebook with illustrations of the develop-
ment of transportation on water. 
14. Prepare a report, "Machinery of Colonial Days," 
from historical references. 
15. Consult a textbook or an encyclopedia for informa-
tion concerning the origin, nature, and advantages 
of the metric system. Prepare a report to be given 
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in class. 
16. Examine the brakes of an automobile and explain 
why they are necessary and how they work. Make 
drawings to aid you in explaining. Booklets given 
to purchasers of new cars will help you. 
17. Make a collection of pictures of tools used by very 
early people. Post the collection with appropriate 
labels and explanations on the classroom bulletin 
board. 
18. Construct a model of some machine with an "erector" 
set. 
19. Demonstrate the difference in construction and 
action of a carpenter's 11rip 11 saw and his "cross-
cut" saw. 
20. Find in a reference book an explanation of the 
differential pulley. Construct one of a large and 
a small spool, properly mounted and supported. 
21. Bring a worn-out alarm clock to class. Take the 
clock out of the case. How many gear wheels does 
the clock have? What is the gear ratio between 
the wheel attached to the spring and the next 
wheel? Is the speed of the next wheel increased 
or decreased by this gearing? Explain. 
22. Demonstrate how a compound machine is constructed 
and opera ted. 
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23. Collect as many bearings as you can from old 
machines. Tell the class what type each is and 
how it operates. 
24. Demonstrate the working of a vise, a screw clamp, 
or a screw-press nutcracker, and calculate the 
advantage you gain by using it. 
2.5. Drop a feather and the lid of a can at the same 
time. Do they both reach the ground at the same 
time? Now put the feather on the lid and drop the 
lid. Explain the difference in results. 
26. Get as many booklets on safe automobile driving 
as you can find. Try the automobile club of your 
city. Make a set of recommendations for save 
driving. Post the best of these on the bulletin 
board. 
27. Draw a simple diagram to show how gravity can be 
used to send water into a home. 
28. Find Newton's Law of Universal Gravitation in a 
physics book or an encyclopedia. See how the law 
states the ideas you have been reading about. 
29. Try to rig up a block-and-tackle system of pulleys 
that has six supporting cords. What is the mechan-
ical advantage of your system? 
30. Visit an automobile repair shop or machine shop 
to learn what use is made of simple machines. In 
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a repair garage you can see many of the inner 
parts of automobiles. Be sure to get permission 
to look around the garage. 
31. Visit the site of a building under construction. 
List as many machines as you can that are used in 
the building. Which of these are operated by man 
power? Which by steam? Which by gas motors? 
vVhich by electricity? Are any of the machines 
driven by compressed air? 
32. Write a two or three-page history of transporta-
tion, showing the influence upon transportation 
of the use of different sources of energy for 
moving passengers and goods. 
33. Go through one issue of some magazine and cut out 
the pictures of various household machines which 
your grandparents did not have. Mount them and 
bring to class. 
34. Get a special kind of top known as the gyroscope. 
Directions for spinning this top will be included 
in the box in which it is packed. One spindle of 
the gyroscope is slotted. Stretch a string across 
some convenient support. Start the gyroscope 
spinning. Set it on the string. Try to tilt 
the spinning gyroscope. What happens? Can you 
explain? 
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3.5· As you come to school in the morning, list all the 
ways you can observe that are used to anchor things 
to the earth to keep them from moving. Report to 
the class, or post your list on the bulletin board. 
36. Examine several different scales or balances used 
for weighing things. Try to see how each kind 
works. If at all possible, make diagrams of the 
working parts to show how they compare the pull of 
gravity on a known weight with that on an unknown 
amount of matter. 
37. Any member of the class who has a camera may take 
pictures of construction work showing the use of 
power machines. Post the best pictures on the 
bulletin board. 
38. Find in a reference book a table of densities and 
get the densities of some common materials. Make 
a list, beginning with the material of greater 
density. 
39. Bring to the class a toy yacht and show the work-
ing of the keel, rudder, mainsail, and jib. 
40. Write a two-page summary of the best ways to pre-
serve the water power resources of your state. 
41. Draw a safe-driving poster for the school bulletin 
board. 
42. Arrange a system of pulleys by which you can lift 
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II 
I 
20 pounds by pulling with a force of 10 pounds. 
43. Draw a diagram to show how the gravity of the sun 
holds the planets in their places. 
44. Select some kind of manufacturing or construction 
45. 
process which interests you, such as weaving, 
woodworking, steel manufacture, farm machinery, or 
shoe making. Find out all that you can about the 
changes that have taken place in the process since 
the earliest times. Find as much as you can about 
the changes in the industry brought about by the 
use of power machinery and mass -production methods. 
Organize your material and make a five-minute re-
port to the class. 
Make a chart showing how much work is done by each 
member of your class in going from the first to the I 
second floor in your school. r 
II 46. Draw a poster illustrating one of the following 
subjects: 
a. Safety for pedestrians 
b. Safety for motorists 
c. Safety in sports 
d. Road building for safety 
47. Drill a hole halfway through a wooden ball, such 
as a croquet ball, and plug the hole with iron or 
lead. Demonstrate its behavior when rolled slow-
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ly on a smooth horizontal surface. 
48. Prepare a report on the construction of scales. 
49· Construct a pendulum of such length that it will 
swing 60 simple vibrations in 60 seconds. Then 
construct one that will swing 120 to the minute, 
and another that will swing 30 to the minute. Re-
port the lengths, from point of suspension to center 
of bob, to the class. 
50. Prepare a list of the horsepowers of various kinds 
of locomotives, stationary engine, electric motors, 
and airplanes. 
51. Study the construction of curves in concrete and 
other graded roads, in railroads, and in running 
tracks. With a spirit level and a rule find how 
much higher one side of a track is than the other. 
Pupils' Bibliography 
Beauchamp, Wilbur L., Mayfield, John C., and West, Joe 
Young~ Everyday Problems in Science. New York: 
Scott, Foresman and Company, 1946 
----~~----~~----·' --~--~--·' Science Problems: New York: Scott, Fores-
man and Company, 1939 
Carroll, Franklin B., Rexford, Frank A., and Weed, Henry 
T. Underst?-nding the Universe. Philadelphia: The 
John C. Winston Company, 1939 
Clement, Arthur G., Collister, Morton C., and Thurston, 
Ernest L. · Our Surroundings. Syracuse: The Iroquois 
Publishing Company, 1943 
. -
Davis, Ira C., and Sharpe, Richard W. Science. New 
York: Henry Holt and Company, 1936 
219 
Hessler, John C. The First Year of Science. New York: 
Benjamin H. Sanborn and Company, 1932 
Meister, Morris. Living in~ World £! .Science. 
York: Charles Scribner's Sons and Company, 
New 
1935 
, Keirstead, Ralph E., and Shoemaker, 
----~L~o~i~s~]~W-.--=T~he Wonderworld of Science. New York: 
Charles Scribner's Sons and Company, 1944 
Pieper, Charles J., and Beauchamp, Wilbur L. Everyday 
Problems inScience. New York: Scott, Foresman 
and Company, 1936 
Smith, Victor C., and Trafton, Gilbert H. Using 
Science. New York: J. B. Lippincott Company, 1946 
Watkins, Ralph K., and Perry, Winifred. Science for 
Daily Use. New York: The Macmillan Company, 1940 
----~~-------=~' and • Understanding 
Science. New York: The Macmillan Company, 1940 
220 
Final Test 
True-False.-- Read each statement carefully. If you 
think it is true, circle T. Circle F if the statement is 
false. If any part of the statement is false, it is all 
false. 
1. Work is done whenever a force is exerted. 
2. A push or a pull which can change the mo-
tion of a body is called a force. 
J. Man obtains energy necessary for life from 
the sun. 
4. Work is done when water presses against a 
reservoir wall. 
5. Work is done when the wind blows. 
6. A force is exerted but no work is done when 
a boy pulls at a heavy object without 
moving it. 
7. Energy appears in different forms which 
T 
T 
T 
T 
T 
T 
F 
F 
F 
F 
F 
F 
cannot be changed. T F 
8. Energy can be created but not destroyed. T F 
9· Oil is used in machines to reduce friction. T F 
10. Wet pavements increase friction. T F 
11. Energy can be destroyed but not created. T F 
12. 
lJ. 
Chemical energy in a piece of coal is 
first changed into mechanical energy. T 
Energy can be neither created nor destroyed. T 
F 
F 
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1!~. In playing basketball the energy used 
is mechanical energy. 
15. Rolling friction is greater than slid-
ing friction. 
16. Walking upstairs is an example of work. 
17. In order to get electrical energy from a 
dynamo it must first be turned by 
mechanical energy. 
18. Because of inertia it is dangerous to 
jump from a moving car. 
19. The mechanical energy used when running 
T 
T 
T 
T 
T 
F 
F 
F 
F 
F 
is changed to chemical energy. T F 
20. More gasoline is used to operate an auto-
mobile on a country highway than in city 
traffic. T F 
21. Gravity is the attraction existing between 
all bodies of matter. T F 
22. The mass of a body represents the earth's 
pull at a given place. T F 
23. In a vacuum all bodies fall with the same 
speed. T F 
24. A body is most stable when its center of 
gravity is in the lowest possible position. T F 
25. The larger the mass, the less the effect 
of gravity upon it. T F 
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26. A five-pound weight will fall to the 
earth five times as fast as a one-pound 
wei ght. 
27. Water stored in a reservoir possesses 
kinetic energy. 
28. A cocked pistol possesses energy. 
29. A bent bow possesses potential energy. 
30. Sand is used on icy roads to increase 
friction. 
31. Passengers fall forward when a bus is 
started suddenly. 
32. It requires greater effort to start a 
car than to keep it going. 
33. The reason a car stays in motion after 
the brakes have been applied is due to 
inertia. 
34. Mass and weight mean one and the same 
thing. 
35. The farther a weight is removed from the 
earth's surface the less it will weigh. 
36. A body weighs the same at the poles as it 
would wei gh at the equator. 
37. A rifle bullet shot out parallel to the 
earth's surface strikes the ground at the 
same time as it would if dropped straight 
down from the end of the rifle barrel. 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
22,3$ 
38. The tendency of a whirling body to fly 
outward from the center is called 
centrifugal force. 
39. Farmers use machinery that separates 
the cream from the milk by centrifugal 
force. 
40. Cohesion causes liquids to form drops. 
41. The amount of energy lost is greater 
than the work done by a body. 
42. The transformation of energy has been of 
prime importance in making possible 
large industries. 
43. Since our natural resources seem to be 
unlimited there is no need for a con-
servation program. 
44. A first class lever has the fulcrum be-
tween the force and the resistance. 
45. A third class lever has the resistance 
between the force and the fulcrum. 
46. The wheel and axle may be considered a 
form of lever. 
47. A spiral stairway is an example of the 
inclined plane. 
48. A lever of the first class always has a 
mechanical advantage of less than one. 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
I 
T F II 
49. Levers of the second class have a 
mechanical advantage of less than one. 
,50. The shorter the wedge the greater its 
mechanical advantage. 
.51. A single fixed pulley allows an increase 
in force. 
.52. If a combination of movable and fixed 
pulleys is arranged, the mechanical ad-
vantage is equal to the number of ropes 
supportlng the movable pulley. 
.53. The effort required to move any we.ight 
upward when using an inclined plane is 
less than that required to move it 
vertically. 
.54. The mechanical advantage of an inclined 
plane is equal to the height divided by 
T F 
T F 
T F 
T F 
T F 
the length of the plane. T F 
.5.5. The wedge is a double inclined plane. T F 
,56. Complex machines are merely combinations 
of simple machines. T F 
.57. Machinery has created new hazards for man. T F 
,58. The output of a machine can be greater 
than the input. T F 
.59. Simple machines have made no contribution 
to modern methods of transportation. T F 
22.5 
60. The screw makes it possible to over-
come a large resistance with a small force. T F 
Combination test.-- Be extremely cautious when doing 
this test for it includes several types. Before each dif-
ferent se~tion you will find directions. Read them carefully. 
A. On the line in parentheses at the end of the sentence 
write the word or words required to fill the blank. 
61. All energy that man uses has come 
directly or indirectly from the 
Force may be transferred by 
------
chains, or 
, 62. 
63. 
64. The amount of work done is measured 
in 
65. The speed, or rate, of doing work 
is called 
66. The resistance to the passage of one 
surface over another with which it is 
in contact is called 
67. Coal, oil, and gas deposits were 
stored in the ground from the energy 
( ............ ) 
( ............ ) 
( ............ ) 
( ............ ) 
( ............ ) 
( ............ ) 
of the ( •••••.•••••• ) 
68. Friction always produces ( .•.••••.•••• ) 
69. Friction is undesirable in machines 
because it wastes 
70. ------- force has the opposite re-
action of centrifugal force. 
( ............ ) 
( ............ ) 
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71. The ----- of a body is a measure of 
the force of gravity acting on it. ( ............ ) 
72. The ----- of a body is the quantity 
of matter in it. ( ............ ) 
73· The ----- of a body where air re-
sistance is negligible is approxi-
mately 32 feet per second, per second.( ••••••••••• ) 
74. A device for transforming and apply-
ing energy in order to make work 
easier is called a 
75. Machines are used to lift heavy ob-
jects with small forces, the result 
( . . . . . . . . . . . . ) 
being a gain in-----; to move are- ( •..•..•••••• ) 
76. sistance in one direction resulting 
in a gain of -----; and to use force ( •••••••••••• ) 
so as to overcome the resistance more 
rapidly thus resulting in a 
77• gain of ( ............ ) 
78. The point on which a lever turns is 
the ( ............ ) 
79. The distance on the bar from the 
fulcrum to the point of support of the 
weight is known as the ----- arm. 
80. The distance from the fulcrum to 
the point where effort is applied is 
known as the ----- arm. 
( . . . . . . . . . . . . ) 
( ..... ~ ...... ) 
2 
81. In levers the mechanical advantage 
increases as the force is moved 
away from the 
82. Because the weight moves more rapid-
ly than the force moves, the lever 
has a mechanical advantage of 
83. The pulley employs the principle of 
the 
84. A single movable pulley gives a 
mechanical advantage of two when the 
weight is divided by ----- ropes. 
85. The wheel and axle is a variation 
of the 
86. The simple machine having a flat 
surface set at an oblique angle to 
the plane of the surface is known 
as the 
87. vVhen any body by virtue of its con-
dition or position is able to do work 
that body has 
( ............ ) 
( ............ ) 
( ............ ) 
( ............ ) 
( ............ ) 
( ............ ) 
( ............ ) 
B. As you read the statements below, decide whether they 
refer to a pulley, an inclined plane, or a wheel and 
axle. Write the name of the correct machine in the 
space at the right. 
88. Every staircase is a modification 
of it. ( ............ ) 
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89. It is used when you pedal a bicycle. ( •••••••••••• ) 
90. It is used in a block and tackle. ( .....•.••••• ) 
91. It may have a twenty per cent grade. ( ••.•••.••••• ) 
92. Gears are a modification of it. ( •....••••••• ) 
93. It is used to raise things up to a 
truck. ( •...•...•••• ) 
94. A windlass is an example of it. ( •..•.....••• ) 
95. The weight lifted is as many times 
greater than the force exerted as 
there are supporting strands. ( •••••••.•••• ) 
96. It is used to lift a flag to the top 
of the pole. 
97· It is used in an automobile's steer-
ing wheel to overcome a large resist-
ance with a small force. 
( ............ ) 
( . . . . . . . . . . . . ) 
C. You have learned several formulas in the study of this 
unit. Apply these to the problems that follow. Be 
sure to note what the problem asks you to find. Write 
your answer in the space at the right. 
98. How much work is done lifting a 98-
pound sack of flour from the floor 
to a counter three feet high? 
99· A hoisting engine raises a 2000-
pound load of brick 60 feet high in 
two minutes. What was the horsepower 
( ............ ) 
supplied? ( ••••.•••.•••• ) 
100. An engine exerts a force of 6000 
pounds in pulling a train at the 
rate of 60 miles per hour, or 88 
feet per second. What was the horse-
power used? ( •...••••.••• ) 
101. The useful work done by a machine 
is 1200 foot-pounds and the input 
is 1500 foot-pounds. Vl.fha t i s i t s 
efficiency? ( ............ ) I 
102. How much force is required to pull 
1000 pounds up a 20 per cent grade? ( •••••••••••• ) 
103. A baseball will drop how many feet 
in two seconds? 
104. What is the efficiency of a machine 
if it does 800 foot-pounds of work 
while the input was 1600 foot-
pounds? 
105. There are two strands attached to 
a movable pulley which lifts a 200-
pound weight. How much force is 
. . 
required to do the work? 
( ............ ) 
( ............ ) 
( ............ ) 
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Audio-visual aids.-- These include a listing of avail-
able motion pictures and filmstrips which are useful in this 
unit. Addresses of all sources may be found at the conclu-
sion of this ·paper. 
A. Motion pictures 
y 
Basic Principles of Lubricating GM 1945 
25 minutes sound loan JH-SH 
Animated drawing s show how the outer layers of tiny 
oil globules adhere to the metal surfaces. Lubricating 
oils differ in viscosity and the choice is determined 
by weather and temperature factors. Explains the fol-
lowing important functions of lubrication: to reduce 
friction in order to increase efficiency; to cool moving 
parts and internal surfaces; and to prevent contamina-
tion and deterioration of engine parts. 
Energy and Its Transformations EBF 1933 
11 minutes sound $45.00 rental $2.50 JH-SH 
Potential, kinetic, and radiant energy, as manifested 
in mechanical, chemical, and thermical form, are il-
lustrated and explained. The principle of conservation 
of energy and the concepts of power and work are demon-
strated in experiments. The film closes with a review 
of present and future forces of energy. 
1/ Educational Film Guide, Annual Edition. The H. W. Wilson 
Company, New York, 1949 
I 
I 
I 
I 
I 
II 
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Energy in Q££ Rivers Coronet 1948 
10 minutes sound $45.00 color $90.00 JH-SH 
For centuries the quaint old water wheel turned a 
grindstone to sharpen man's tools, a millstone to grind 
his grain. Today massive dams and hydroelectric plants 
backed by huge reservoirs of water furnish water that 
turns miles of desert into rich farmland. The story 
which lies between these two eras is enfolded in de-
tail here. 
Energy From Sunlighi EBF 1930 
15 minutes silent $24.00 SH 
Explains the principle of the solar engine. Shows how 
energy from sunlight stimulates plant growth and is 
stored in the form of wood and coal. 
Force .of Gravity Young America 1949 
10 minutes sound $40.00 
Explains theory of gravity and its observable facts. 
Lever-Age 
20 minutes 
Shell 
sound 
1946 
loan JH-SH 
Deals with man's use of the principle of the lever 
through its many refinements from the early crowbar to 
modern smooth running gears. 
Lubrication U.S. Bur Mines 
30 minutes sound loan JH-SH 
Describes theory of friction and practical application 
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of lubricants to various mechanical elements connected 
with our everyday life. Displays range of petroleum 
lubricants and their use in six main classes. Closing 
scenes show how lubrication reduces work, wear and 
waste, and conserves materials. 
Machines Do Work Young America 1949 
10 minutes sound $40.00 JH-SH 
Introduces the concept of simple machines in terms 
suitable for pupils at middle-grade level. 
Matter and Energy Coronet 1947 
10 minutes sound $45.00 color $90.00 JH-SH 
Presents the basic concept that everything in the 
universe is affected by energy. Matter in its different 
forms is presented, and elements, compounds and mixtures 
are definted. Ends with brief exposition of atomic 
energy. 
Principles of Dry Friction Castle 
17 minutes sound $29.29 
Accompanying film strip $1.00 
JH-SH 
Explains advantages and disadvantages of friction, 
forces involved in friction, calculation of the forces 
of static, and kinetic friction. 
Principles of Lubrication Castle 
16 minutes sound $27.88 SH 
Explains through animation why lubrication is necessary 
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B. 
and the physical properties of lubricants. 
Simple Machines EBF 
11 minutes sound $45.00 rental $2.50 JH-SH 
Shows the basic features of the lever, the inclined 
plane, the wedge, the pulley, and the screw. Applica-
tions of these devices to modern complex machines are 
demonstrated. The evolution of the machine and its 
parts in contemporary civilization is indicated also. 
Animated drawings clarify abstract mechanical 
principles. 
Turning Point Castle 
22 minutes sound loan JH-SH 
Here is the story of man's fight against friction. 
Without the development of anti-friction bearings, 
automobiles, our household appliances, the railroads 
to bring these products to us and even the machinery 
to roll the steel for them would be impractical dreams. 
The film also shows the manufacture of rollers. 
Filmstrips 11 
Air Age Physics Series 
Units of Measurements No. 2 
Jam Handy 
47 frames 
Motion, force, and energy as measured in terms of mass 
- ·· . 
moved, distance moved, and time. Standard units of 
1/ Vera M. Falconer, Filmstrips. McGraw-Hill Book Company, 
Inc., 1948 
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I 
measurement in both English and metric systems. Com-
parison of the use of English system for fractional 
measurement and metric system for decimal measurement. 
Methods of computing and changing measurements from 
one system to another. 
Force No. 3 57 frames 
Nature of force explained by examples of force; method 
of measuring force; and formula for force in units used 
to express measurements. Definition of acceleration, 
unit of force, pound of force. Summary of 
characteristics. 
Uniformly Accelerated Motion No. 6 55 frames 
Relation of acceleration to time, velocity and distance. 
Definition of acceleration and deceleration. Methods 
of measurement, formula, and problems. Acceleration 
of bodies at rest or set into motion from rest; accel-
eration in computing average velocity, distance, and 
. . 
other factors. Includes problems in computing timing 
on a bombing mission. 
Gravitation No. 8 48 frames 
Gravitation as universal attraction; Newton's law of 
gravit~tion, Galilee's discovery; causes and effects 
of gravity. Methods of measuring distance and time 
of fall, velocity with which mass strikes ground. 
Applications of such measurements. Explanations of 
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center of gravity and of torque. Cannon range used in 
examples. 
Centrifugal Force No. 10 .56 frames 
Centrifugal force and centripetal force explained and 
defined, relation of the two forces. Comraon examples 
of centrifugal force and illustrations of its strength. 
Effects of various factors including velocity, mass, 
acceleration, or direction of velocity change. 
Work No. 11 .51 frames 
Definition and formula. Relation of gravity and of 
reaction or opposing force. Use of English and metric 
systems in measurement of work. Determining force, 
acceleration; and velocity. 
Energy No. 12 .52 frames 
Explanation of energy and relation to work. Formula 
for measuring energy by results. Definition of kinetic 
and potential energy. Method of measuring kinetic 
energy. Laws affecting energy. Importance of con-
servation of energy. Indicates changes from kinetic to 
potential energy and reverse. Water cycle given as an 
example of energy cycle. 
Power No. 13 40 frames 
Definition, applications, and measurement of power. 
Units of measurement and formulas for computing power 
and horsepower. 
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Friction No. 14 53 frames 
Definition, explanation, causes, and uses of friction. 
Kinds of friction, methods of measuring, and how they 
affect motion. Effects of friction mainly in relation 
to mechanics, stressing importance of overcoming fric-
tion in mechanized civilization, with several examples 
involving airplanes. 
Simple Machines No. 15 84 frames 
Definition of a machine. Five basic simple devices. 
Ratio of output to input. Computing mechanical ad-
vantage of machines. Effect of increase of force on 
distance. Torque as applied to wheel and axle and to 
lever. Applications to modern machines. 
General Science Series Visual Sciences 
Drawings and diagrams illustrating various factors 
pertinent to the subjects indicated by the individual 
titles, including principles, laws, measurement, and 
applications. Each strip contains more material than 
would be covered in one class section. Therefore, it 
is suggested that the strips be previewed carefully so 
that selection of sequences or single frames can be 
made in accordance with class needs. The drawin~s and 
diagrams are simple and may be used for reproduction 
on the blackboard. The subject matter and treatment 
is suitable for upper elementary or junior high school 
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classes. Descriptions are not included since the 
titles ·are self-explanatory. 
Levers No. G-3 
Inclined Planes-Wedge and Jackscrew No. G-4 
Pulley, Wheel and Axle No. G-5 
Energy No. G-6 
Motion of Bodies, Work and Machines No. P-2 
29 frames Chicago Apparatus 
Center of gravity, equilibrium, composition or forces, 
uniform acceleration, pendulum, Newton's first law, 
inertia of motion, centrifugal force, Newton's second 
law, work formula, kinetic energy, horsepower, every-
day uses of machines, relation of input and output, 
mechanical advantage, inclined plane, screw and wedge, 
pulley, lever, force arm of lever, three classes of 
levers, wheel and axle are the topics illustrated in 
this film. 
Simple Machines 
silent 67 frames, manual Row, Peterson Com-
pany 
Although designed specifically for use with Unitexts 
''Doing Work11 and "Machines" of the Basic Science Educa-
tion Series, this strip can be adapted to any elementary j 
science program. The opening sequence introduces the 
six simple machines and stresses their importance. Fol-
lowing sequences treat each of the simple machines 
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separately, showing each first in simple line diagram 
and providing a number of everyday examples of its use. 
Includes information on how each works, amount of force 
needed, methods of lessening amount of force needed. 
Shows some industrial applications also. Ends with 
photo quiz picture of some tool in use, students to 
identify the simple machine or machines demonstrated. 
The strip is well organized for teaching purposes and 
can be used a sequence at a time or in entirety. 
Work and Machines: Light: Color No. GS-3 
37 frames Row, Peterson Company 
Drawings, charts, and diagrams of the following: work 
formula, horsepower, everyday uses of machines, what a 
machine does to work, mechanical advantage, screw and 
wedge, pulley, three classes of levers, force arm of 
leyers, wheel and axle. Includes discussion of light 
and related concepts which may be omitted. 
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Key 
True - False Test 
1. False 21. False 41. False 
2. True 22. False 42. True 
3· True 23. True 43· False 
4- False 24. True 44- True 
5- True 25. False 45- False 
6. True 26. False 46. True 
7- False 27. False 47- True 
8. False 28. True 48. False 
9· True 29. True 49· False 
10. False 30. True 50. False 
11. False 31. False 51. False 
12. False 32. True 52. True 
13. True 33- False 53- True 
14. True 34· True 54- False 
15. False 35- False 55. True 
16. True 36. False 56. True 
17. True 37- True 57. True 
18. True 38. True 58. False 
19- False 39· True 59· False 
20. False 40. True 60. True 
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61. sun 83. lever v · 
62. belts 84. two 
or v 63. gears 85. lever 
64. foot-pounds v ' 86. inclined plane 
65. power v 87 . energy 
66. friction ~· 88. inclined plane 
67. sun 89. wheel and axle 
68. heat 90. pulley 
69. energy 91. inclined p lane 
70. centripetal 92. wheel and axle 
71. wei ght 93 · inclined plane 
72. mass 94· wheel and axle 
73· acceleration 95. pulley 
74· machine .,/ 96. pulley 
75. force •' 97· wheel and axle 
76. direction 98. 294 foot-pounds 
77· speed 99· 1. 82 horsepower 
78. fulcrum v 100. 960 horsepower 
I 79· resistance 101. 80 per cent 
I 80. force . 102. 200 pounds 
81. fulcrum 103. 96 feet 
82. speed 104. 50 per cent 
105. 100 pounds 
ADDENDA 
DIRECTORY OF SOURCES 
Filmstrips 
BVI 
Better Vision Institute 
630 Fifth Avenue 
New York 20, New York 
Chicago Apparatus 
Chicago Apparatus Company 
1735 North · Ashland Avenue 
Chicago 22, Illinois 
Eye · Gate · 
Eye Gate House, Inc. 
330 West 42nd Street 
New York 18, New York 
Federalist 
Federalist Films 
391 Bleecker Street 
New York 14, New York 
Filmette 
GE 
Filmette Company 
635 Riverside Drive 
New York 31, New York 
General Electric Company 
Visual Instruction Section 
1 River · Road 
Schenectady 5, New York 
Jam Handy 
Jam Handy Organization 
1775 Broadway 
New York 19, New York 
NSPB 
National Society for the Prevention of Blindness 
1790 Broadway 
New York 19, New York 
Row, Peterson 
Row, Peterson and Company 
1911 Ridge Avenue 
Evanston, Illinois 
SVE 
Society for Visual Education 
100 East Ohio Street 
Chicago 11, Illinois 
Visual Sciences 
Visual Sciences 
Suffern, New York 
AFF 
A. F. Films, Inc. 
Room 1001 
1600 Broadway 
Motion Pictures 
New York 19, New York 
AT&T 
American Telephone and Telegraph Company 
Information Department 
Film and Display Division 
Local office 
B&L 
Bausch. and Lomb Optical Company 
635 St. Paul Street 
Rochester 2, New York 
BIS 
British Information Services 
30 Rockefeller Plaza 
New York 20, New York 
Bray 
Bray Studios, Inc. 
729 Seventh Avenue 
New York 19, New York 
Can· NFB 
National Film Society of Canada 
172 Wellington Street 
Ottawa, Ontario, Canada 
Castle 
Castle Films Division 
United World Films, Inc. 
445 Park Avenue 
New York 22, New York 
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II 
I 
Coronet 
Coronet Instructional Films 
65 East South Water Street 
Chicago 1, Illinois 
EBF 
Encyclopedia Britannica Films, Inc. 
30 Huntington Avenue 
Boston, Massachusetts 
EPS 
Edited Pictures System, Inc. 
165 West 46th Street 
New York 19, New York 
Films 
Films, Inc. 
330 West 42nd Street 
New York 18, New York 
FON 
Films of the Nation, Inc. 
55 West 45th Street 
New York 19, New York 
GE 
General Electric Company 
Nearest sales district office 
GM 
General Motors Corporation 
Department of Public Relations 
Film Distribution Section 
3044 West · Grand Boulevard 
Detroit 2, Michigan 
Iowa ST U 
State University of Iowa 
Bureau of Audio-Visual Instruction 
Extension-Division 
Iowa City, Iowa 
Jam Handy 
Jam Handy Organization 
1775 Broadway · 
New York 19, New York 
Lex School 
Lexington School for the Deaf 
904 Lexington Avenue 
New York 21, New York 
Lib F 
Library Films, Inc~ 
25 West 45th Street 
New York 19, New York 
Mahrike 
Carl F. Mahnke Productions 
21.5 Eas~ Jrd -street 
Des Moines 9, Iowa 
MMA 
Museum of Modern Art Films Library 
11 West .5Jrd Street 
New York 19, New York 
MOT 
March of Time Forum Films 
369 Lexington Avenue 
New York 17, New York 
NSPB . 
National Society for the Prevention of Blindness 
1790 Broadway 
New York 19, New York 
RFA 
Religious Film Association, Inc. 
4.5 Astor Place ·· 
New York 3, New York 
Shell 
Shell -Oil Company 
Public Relations Department 
.50 West .50th Street 
New York 20, New York 
TFC . 
Teaching Film Custodians, Inc. 
2.5 West 4Jrd Street 
New York 18, New York 
U. s. Bur Mines 
U. S. Bureau of Mines 
Experiment Station 
Graphic Services Section 
4800 Forbes Street 
Pittsburgh 13, Pennsylvania 
USCG 
United States Coast Guard 
First Coast Guard District 
1400 Customs House 
Boston 13, Massachusetts 
WEe -
Westinghouse Electric Corporation 
School Service · 
306 Fourth Avenue 
Pittsburgh 30, Pennsylvania 
Western Electric 
Western Electric Company 
Motion Picture Bureau 
195 Broadway 
New York 14, New York 
YAF 
Young America Films, Inc. 
18 East 41st Street 
New York 17, New York 
Sample Form 
INVENTORY OF MOTION PICTURE HABIT~ 
1. Do you attend a motion picture theatre? Yes 
2. Do you g o to the same theatre regularly re-
gardless of what is playing? 
3. How often do you g o to the movies? 
4-
6. 
Once a week 
Twice a week 
Three times a week 
Four times a week 
Twice a month 
Once in three weeks 
Once a month 
Other times 
- - - ·- -
What day or days of the week? 
Monday 
Tuesday 
Wednesday 
Thursday 
Friday 
Saturday 
Sunday 
Holidays 
What time of day? 
Afternoon 
Ni ght 
How much does it cost? 
7. Do you g o alone? No 
---
Yes 
8. Do you go with one of your parents? 
Yes 
Sometimes 
No Yes 
Sometimes 
9. Do you go with a chum or brother or sister? 
No 
No 
1/ Adapted from a form prepared by Abraham Krasker, School of 
1 Education, Boston University, for his course "Methods in Using 
Motion Pictures and Visual Aids." 
2 
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10. Do you remember the names of the motion pictures you 
saw in the last show? Yes No 
11. Who were the leading actors and actresses? 
12. What type of nmovies" do you like best'? 
13. What type of "movies" do you dislike most? 
